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PREFACE. 


Followiug  the  instructions  of  Prof.  Mark  W.  Harrington,  it  will  be 
my  puriwse  in  the  course  of  the  present  researches  to  trace  the  iso- 
thermalsof  water,  experimentally,  throughout  the  region  of  changes  of 
physical  state  from  liquid  to  vapor.  By  mapjiing  out  the  whole  of  the 
stable  contours  I  hope  to  reach  definite  results  relative  to  the  unstable 
part  of  their  ])ath,  believing  that  this — the  field  of  collapse.,  as  it  may 
be  called — ^is  of  marked  meteorological  importance.'  Incidentally  I 
shall  also  obtain  data  for  the  law  of  growth  of  water  globules,  from 
the  smallest  x)hysically  appreciable  dimensions  to  the  largest  attain- 
able size,  and  thus  supply  another  series  of  meteorological  results. 
The  subject  of  research  considered  from  these  two  points  of  view  may 
be  termed  the  condensation  problem,  assuming  that  the  stated  conden- 
sation takes  place  in  a  medium  of  air. 

Necjessarily  my  work  at  the  outset  will  consist  of  an  investigation 
of  promising  methods,  and  the  present  bulletin  contains  about  as  much 
experimental  evidence  as  I  am  able  to  adduce  by  the  aid  of  the  super- 
saturated moist  air  obtained  from  steam  jets,  when  the  results  are  inter- 
preted by  methods  of  optical  interference.  I  make  a  survey  of  the  sub- 
ject in  Chapter  i,  for  changes  of  state  in  general.  Chapter  ii  follows  with 
an  account  of  the  condensation  phenomena  produced  by  the  jet  method, 
together  with  their  bearing  in  the  (K)ndensation  problem.  Chapter  in 
contains  an  application  of  this  method  to  the  meteorology  of  dust 
(so  called).  Chapters  iv  and  v,  finally,  give  succinct  information  as  to 
the  distribution  of  temperature  met  with  in  the  jet  experiments,  to  be 
used  in  the  interpretation  of  Chapter  ii. 

I  had  hoped  to  add  to  this  bulletin  certain  data  on  the  growth  of 
water  globules,  to  be  reached  by  the  method  sketched  in  Chapter  ir, 
but  the  urgency  of  a  change  in  the  location  of  the  laboratory  has 
compelled  me  to  break  off  my  work  at  an  earlier  stage  of  progress. 

My  thanks  are  due  to  Prof.  8.  P.  Langley,  Maj.  J.  W.  Powell,  and 

Mr.  Clarence  King  for  working  facilities  kindly  placed  at  my  disposal, 

and  to  the  Chief  of  the  Weather  Bureau,  and  Profs.  Cleveland  Abbe 

and  Frank  H.  Bigelow  for  various  points  of  advice. 

Carl  Barus. 
Physical  Laboratory, 

U.  8.  Weather  Bureau,  May  1, 1893. 

'  Cf.  Professor  Harrington's  paper  in  t\\^  Am.  Meteo.  .lour.,  IX,  p.  469, 1893. 
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10  PREFACE. 

Postscript^  January  28^  1895, — The  present  bulletin  reacbes  my  hands, 
now,  as  the  mere  fragment  of  an  extensive  piece  of  research,  actively 
planned  out  over  two  years  ago.  I  wish  therefore  to  express  my  regret 
that  an  investigation  which  opened  with  so  much  promise  had  to  be 
discontinued,  and  that  during  the  year  of  my  connection  with  the 
Weather  Bureau  a  great  part  of  my  time  was  unavoidably  taken  up  in 
first  reorganizing  the  laboratory  for  meteorological  research,  and  there- 
after removing  the  whole  of  it  to  new  quarters — an  undertaking  involv- 
ing much  labor,  none  of  which  appears  in  the  bulletin.  1  wish  also  to 
express  my  indebtedness  to  the  generosity  of  Prof.  Alexander  Graham 
Bell,  without  whose  effective  aid  the  reorganisation  would  liave  been 
impossible. — C.  B. 


CONDENSATION  OF  ATMOSPHERIC  MOISTURE. 


CHAPTER  I. 

CHANGE  OF  PHTSICAL  STATB  IN  GENERAL. 

1.  Introductory. — lu  defiuing  iny  duties  as  a  member  of  the  Weather 
Bureau,  Prof.  Mark  W.  Harrington  indicated  that  problems  connected 
with  the  condensation  of  water  from  moist  air  were  first  to  be  consid- 
ered. I  was  left  at  liberty  to  look  at  these  phenomena  from  a  general 
point  of  view,  and  accordingly  I  have  commenced  the  study  of  conden- 
sation either  from  fusion  or  from  vaiiorization,  as  well  as  ftom  solution 
(liquid  or  gaseous).  The  recent  theories  of  solution  originating  in  the 
e|X)ch  making  researches  of  Van't  Hoif  adduce  many  reasons  for 
^'onping  all  these  phenomena  under  a  common  head.  ^ 

To  obtain  a  clear  notion  of  the  principle  which  seems  to  underlie  all 
condensations,  no  matter  what  be  the  nature  of  the  change  of  state 
involved,  it  is  expedient  to  go  biickto  James  Thomson's^  interpretation 
of  Andrews's  classical  measurements.  Given  a  fixed  mass  of  nonsatu- 
rated  vBipor  always  maintained  at  constant  temperature  in  a  suitable 
vessel  of  any  kind.  It  exerts  a  reacting  pressure  on  the  walls  of  the 
vessel,  due  to  molecular  bombardment,  and  therefore  depending  on  the 
volume  into  which  the  vapor  has  been  coerced.  Let  thevolume.be 
decreased,  temperature  being  kept  constant,  the  pressure  of  the  vapor 
will  increase  approximately,  in  accordance  with  Mariotte's  law,  until 
eventually  the  vapor  begins  to  condense.  From  this  point  on  the 
reacting  pressure  remains  constant  throughout  relatively  large  decre- 
ments of  volume  until  the  vapor  is  wholly  liquid.  If  volume  be  even 
further  decreased,  pressure  then  again  increases,  but  at  an  enormously 
more  rapid  ratethan  before,  until  the  liquid-solid  succession  of  conden- 
sations is  approached  and  x)assed.  The  phenomenon  does  not  terminate 
here,  for  the  continued  decrease  of  volume  at  constant  temperature 
implies  a  remote  series  of  condensations  probably  chemical  in  their 
nature — and  so  on  indefinitely.  Neither  does  the  phenomenon  begin 
with  the  vapor-liquid  phase.  The  case  of  gaseous  dissociation  need 
only  be  considered  in  the  inverse  order  to  be  a  condensation  phenome- 
non, which,  in  its  turn,  follows  a  series  of  analogous  cases.  ^ 


'  Cf.  Blllmoke:  Zeite.  f.  phys.  chein.  vi,  p.  153,  1890;  viii,  p.  554,  1891;  ix,  p.  722, 

1892. 

'James  Thomson:  Phil.  Mag.  (4),  xliii,  p.  227,  1872. 

'Of.  Bams:  Am.  Jour.  Sci.,  xui,  p.  147,  1891;  also  Am.  Chem.  Jonr.,  xiv,  p.  191, 

1892. 
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2.  Vapor  condensation, — To  fix  the  ideas,  however,  it  is  well  to 
restrict  all  remarks  to  vapor-liquid  condensation,  the  successive  steps 
of  which  have  just  been  described.  They  are  three  in  number  and 
involve  three  apparently  wholly  disconnected  laws.  So  complex  a 
state  of  affairs  is  remarkable,  and,  from  the  rarity  of  true  discontinuity 
in  physical  phenomena,  one  would  be  inclined  to  take  exception  to  the 
completeness  of  the  experiments  by  which  these  laws  are  deduced, 
even  if  no  other  evidence  were  forthcoming.  Direct  evidence,  however, 
is  avaifable  in  abundance,  seeing  that  a  whole  class  of  occurrences, 
such  as  supersaturatiou,  retarded  ebullition,  etc.,  are  ignored  by  the 
laws.  The  question  thus  accentuates  tlie  need  of  a  method  by  which 
the  volume  changes  of  liquids  may  be  coordinated  with  the  volume 
changes  of  vapors  by  a  law  which  shall  suffer  no  break  of  continuity 
during  the  intermediate  stage.  This  is  what  James  Thomson  did  by 
postulating  his  well-known  doubly  inflected  isothermals. 

If,  as  is  frequently  advautageous,  names  are  to  be  given  to  the  two 
species  of  isothermals  described,  the  discontinuous  set  may  be  called 
empiric,  since  they  are  most  usually  observed.  The  other,  or  the  con- 
tinuous set  of  Thomson,  may  be  called  normal  or  theoretic,  for  they 
were  arrived  at  by  induction. 

Thus  there  are  two  limiting  cases  in  relation  to  which  isothermal  con- 
densation may  be  conceived  to  take  place.  In  the  first  of  these  con- 
densation is  always  kept  at  a  maximum  by  foreign  interference — for 
instance,  by  the  capillary  forces  at  the  surfaces  of  contact  between 
vapor  and  sdlid.  If,  throughout  all  the  volume  changes,  sufficient  time 
be  allowed,  the  empiric  isothermals,  though  broken  in  the  manner 
specified,  are  none  the  less  definite  in  character  and  position.  The 
other  limiting  case  is  that  in  which  pure  vapor,  perfectly  free  from  for- 
eign influences  (i.  e.,  out  of  all  contact  with  solids  and  liquids),  is  brought 
to  condense  as  a  whole  by  some  ideal  means.  The  isothermals  of  this 
normal  case  are  the  doubly  inflected  lines  without  break  of  continuity, 
also  specified.    They  also  must  be  perfectly  definite. 

Li  the  annexed  diagram  (fig.  1),  let  v  be  the  axis  of  volumes,  and  let 
p  be  the  axis  of  the  reacting  pressures.  Temperature  beiug  always 
kept  constant,  let  abed  ef  be  the  (normal)  isothermal,  for  condensa- 
tion out  of  all  contact  of  the  vapor  with  solids  or  with  liquids,  and  let 
a  hgef  be  the  isothermal  for  a  virtually  perfect  contact  of  the  vapor 
with  plane  surfaces  of  a  solid  or  a  liquid.  For  this  case  pz  is  the  ordi- 
nary vapor  tension. 

The  important  (luestion  now  arises,  Are  there  no  other  isothermals 
corresponding  to  the  given  temperature  exce])t  the  two  extreme  exam- 
ples mentioned!  The  answer  to  this  question  brings  us  face  to  face 
with  the  thermodynamic  interpretation  of  certain  capillary  idienomena. 
It  is  needless,  however,  to  enter  the  subject  here,  further  than  to  state 
that  vai)or  tension  increases  with  the  curvature  of  the  liquid  surface, 
other  things  remaining  the  same.    Now,  as  condensation  (supposing 


13 

pressure  or  volume  of  suitable  magnitude)  must  necessarily  begin  at 
some  physical  point  or  points  within  the  volume  of  free  vapor,  the 
largest  points  will  obviously  be  first  selected ;  but  in  pure  vai)or  none 
of  the  possible  i>oints  can  exceed  the  vapor  molecnle  in  size.  Conse- 
quently at  the  point  c  of  the  diagram  the  reacting  pressure  pi  of  pure 
vapor  can  not  exceed  the  vapor  tension  at  a  convex  surface  of  molec- 
ular dimensions. 

Something  similar  applies  to  the  i)oint  d^  or  to  the  minimum  pressure 
Ply  at  which  the  liquid  is  stable  at  the  given  temperature.  But  the 
physical  interpretation  of  the  state  of  things  here  is  not  at  hand. 
Suffice  it  to  say  that,  for  thermodynami<*  reasons  (since  &,  c,  </,  <7,  f,  g,  b 
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Fig.  1. — Diagram  of  isotherms. 

is  a  reversible  isothermal  cycle),  the  area  h,  c,  g,  b  must  be  equal  to  the 

ai-ea  </,  d^  c,  g.    In  accordance  with  this  condition  d  is  located.    (Cf. 

Preface.) 

Suppose,  however,  that  an  indefinite  number  of  uniformly  small  solid 

nuclei  be  disseminated  throughout  the  vapor,  which  is  otherwise  quite 
out  of  contact  with  either  solids  or  liquids.    Let  the  size  of  the  nuclei 

be  such  that  the  vai)or  tension  at  their  convex  (spherical)  surfaces,  if 
liquid, and  at  the  given  temperature,  would  have  some  value  j)^  between 
P2  and  P'j.  Then  the  point  c  (since  it  could  not  be  reached)  would  be 
replaced  by  same  iK)int  c^  and  the  new  isothermal  may  be  represented 
by  same  line  b  r'  d^  ef.  In  other  words,  between  the  extreme  cases, 
abed  e/and  a  b  g  efsm  infinite  number  of  isothcrmals  may  be  con- 
ceived to  exist  at  the  same  temperature,  each  of  which  corresponds  to 
a  definite  size  of  the  solid  nuclei  unitormly  distributed  throughout 
the  volume  of  vapor.  Under  the  term  solid,  as  applied  to  the  nuclei, 
nothing  more  is  to  be  inferred  than  that  they  persist.  Nor  need  any 
reference  here  be  made  to  electrical  or  other  metUocls  for  precipitating 
condensation, 

3.  Meteorological  uothennala, — Aside  from  the  presence  of  air,  It  ia 
obvious  tbi^t  m  isothermal  of  the  form  a,  b,  g^  ^,  /can  not  apply  to  the  free 
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atmosphere^  seeing  that  coudeusatioii  takes  place  there  out  of  coutact 
with  massive  solids.  Neither  can  the  normal  isothermal  a  cd  e  f  be 
applicable  in  the  meteorological  case,  for  the  atmosphere  invariably 
carries  a  burden  of  excessively  fine  "dust"  as  one  of  its  essential  con- 
stituents. Hence  lines  such  s^r  a  b  c^  d^  e  f  {or  their  equivalent 
isopiestics)  must  meet  the  atmospheric  conditions,  and  the  points  e  and 
0^  will  tend  to  coincide  in  proportion  as  the  dust  is  of  a  finer  quality. 

Now,  it  is  a  matter  of  special  meteorological  significance  that,  whereas 
along  the  path  ah  c  the  vapor  is  stable  and  along  d  e  f  the  liquid  is 
stable,  the  path  c  dis  essentially  unstable.  For  along  c  d  the  reacting 
pressure  decreases  when  the  volume  decreases,  and  hence  this  path  is 
one  of  pronounced  collapHe.  It  is  to  be  noted,  too,  that  the  double 
inflection,  which  is  here  exhibited  only  for  the  isothermals,  will  be  a 
characteristic  feature  in  any  thermodynamic  surface  and  will  therefore, 
in  general,  affect  the  isopiestics  or  the  adiabatics  or  any  other  order  of 
lines  drawn  upon  such  a  surface.  Nor  can  the  presence  of  air  do  more 
than  modify  the  phenomenon  in  such  a  way  as  not  to  wipe  out  the  tend- 
ency of  the  vapor  to  collapse  as  a  whole  when  the  proper  i)res8ure  and 
temperature  conditions  are  satisfied. 

4.  Liquid-solid  condensation. — It  is  obviously  very  difticult  to  map 
out  a  concrete  case  of  the  true  isothermals  for  the  change  of  state  &om 
gas  to  liquid,  and  I  am  not  aware  that  this  has  been  done  except  in  an 
inferential  way.  One  may,  for  instance,  use  the  intrinsic  equations 
due  to  Clausius  or  to  Van  der  Waals  and  compute  the  unstable  contours ; 
but  this,  for  the  time  being,  is  an  exteipolation  throughout  the  whole 
meteorologic  issue.  For  the  change  of  state  from  liquid  to  solid,  how- 
ever, such  representation  is  feasible,  as  it  appears  that  the  surface 
forces  at  the  walls  of  the  vessels  here  dwindle  to  smaller  significance, 
though  I  am  far  from  asserting  that  they  are  negligible.  A  totally  dis- 
tinct order  of  difficulties  is  now  introduced,  owing  to  the  fact  that  enor- 
mous x)ressures  are  needed  to  bring  out  the  details  of  condensation; 
and  it  is  for  this  reason  probably  that  the  stated  surface  forces  are  of 
less  consequence. 

The  only  concrete  example  of  the  condensation  from  liquid  to  solid 
which  has  thus  far  been  adduced  is  contained  in  my  work  on  the 
isothermals  of  naphthalene.  I  shall  reproduce  its  main  features,  with 
certain  modifications  of  method  here,  because  of  its  significant  bearing 
on  the  general  problem  under  consideration.  The  chart,  fig.  2,  which 
is  one  of  the  several  series  of  data  obtained,  is  laid  out  on  a  plan  simi- 
lar to  the  preceding  figure,  1,  the  axis  of  volume  (cubic  centimeters) 
being  vertical  and  the  axis  of  pressure  (atmospheres)  horizontal. 
Naphthalene  melts  at  about  80°  C,  so  that  the  isothermals  (the  constant 
temperature  of  each  of  which  is  added  at  the  two  ends  of  the  curve) 
above  80°  begin  with  liquid  naphthalene,  those  below  80°  with  solid 
naphthalene.  Five  distinct  isothermals  (63o,  83°,  90o,  lOQo,  130O)  are 
shown,  and  the  observational  points  on  each  of  them  marked.  It  is  a 
difficult  matter  in  work  of  this  kind  to  quite  eliminate  the  thermal  diS' 
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crepaucy,  for  a  liquid  on  freezing  gives  out  heat,  and  on  melting  it 
absorbs  heat.  The  free  heat  (positive  or  negative)  thus  available  may 
be  productive  of  distorting  volume  changes  of  no  insignificant  amount^ 
and  hence  it  is  necessary  to  wait  long  enough  until  the  heat  error  is 
dissipated.  For  this  reason  the  time  (in  minutes^  at  which  each  obser- 
vation is  made  is  also  stated  on  the  curves  by  numerals  referring  to  the 
points.  The  method  of  work  was  cycl  ic — i.  e.,  starting  with  the  liquid  at 
a  g^ven  fixed  temperature,  pressure  was  increased  in  successive  relatively 


Via.  2.— Fusion  iBotherins  of  naphthalene. 

small  steps  until  solidification  ensued,  and  thereafter  pressure  was 
usually  increased  somewhat  further  to  insure  complete  freezing.  After 
this,  pressure  was  in  like  manner  reduced  in  successive  small  steps,  care 
being  taken  to  pass  very  slowly  through  the  period  of  melting,  until 
eventually  the  initial  pressure  (practically  zero)  was  again  reached. 
Arrows  are  added  to  the  cyclic  parts  of  the  curves,  showing  their  drift, 
and  the  individual  observations  (whether  belonging  to  the  pressure- 
increasing  or  i)res8ure-decreasiug  part  of  the  march)  can  be  further 
identified  by  consulting  the  times  at  which  they  were  severally  made. 
5.  James  Thomson^a  inflections, — The  chief  information  to  be  obtained 
from  these  curves,  so  far  as  the  present  purposes  go,  lies  in  the  differ- 
ence of  pressures  under  which,  at  a  given  temperature,  freezing  and 
melting  respectively  take  place.  Thus  it  takes  a  decidedly  greater 
pressure  to  coerce  liquid  naphthalene  at  100^  from  the  liquid  to  the 
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solid  state,  than  the  pressure  at  which  solid  naphthalene  at  the  same  \r^\ 
temperature  freely  melts.  The  same  fact  is  corroborated  by  all  the  ^jv 
()ther  isothermals,  and  is  a  law  inherent  in  the  phenomenon.  Here 
therefore  is  direct  evidence  of  the  occurrence  of  James  Thomson's  doubly 
inflected  cycles.  I  have  indicated  their  probable  contours  throughout 
by  the  dotted  lines  contained  within  each  cycle.  The  only  question  to  be 
answered  is  the  reason  why  the  dotted  lines  (theoretic  isothermals,  from 
which  the  empiric  isothermals  can  only  be  obtained  inferentially,  as  in 
section  9)  were  not  actually  observed  instead  of  the  cycles.  The  suf- 
ficient exx)lanation  of  this  is  the  method  of  work,  for  the  volume 
changes  which  are  measured  at  the  end  of  each  stej)  in  pressure  do  not 
react  on  this  pressure.  These  volume  changes  are  merely  such  as 
actually  occur  when  the  pressure  of  the  medium  is  sustained  and 
momentarily  invariable.  In  other  words,  the  pressure  measured  is  not 
the  reacting  pressure  of  this  sample  of  naphthalene,  ^hd  it  is  this 
(reacting)  pressure  only  to  which  the  doubly  inflected  curves  apply. 
On  the  other  hand,  however,  the  initial  or  stable  contours  of  these 
curves  (a,  ft,  c  and  d,  <?,/,  in  fig.  1)  should  be  visible  in  the  cliart  (fig. 
2),  and  they  actually  are.  Thus  in  the  isothermal  for  83o,  at  GO  and  03 
minutes,  curvature  is  distinctly  (more  so  in  the  numerical  data)  indi- 
cated on  the  verge  of  the  passage  from  liquid  to  solid,  although  as  a  rule 
this  path  is  precipitous.  Curvature  is,  however,  always  pronounced, 
and  clearly  so,  in  tlie  change  from  solid  to  liquid,  such  as  occurs,  for 
instance,  after  73  to  97  minutes  on  the  same  isothermal  (83°),  or  on  any 
of  the  others.  The  magnitude  of  this  cyclic  change,  or  hysteresis,  is 
particularly  remarkable.  At  100^,  for  instance,  the  difl*erence  between 
the  freezing  and  melting  pressures  amounts  to  over  350  atmospheres; 
and  this  for  the  case  of  a  body  which,  like  liquid  naphthalene,  does  not 
easily  admit  of  being  cooled  below  its  melting  point  without  solidifying. 
Whether  the  pressure  difference  would  be  increased  if  solidification 
took  place  in  a  free  liquid — i.  e.,  in  one  which  is  not  in  contact  \nth. 
solids,  and  quite  without  nuclei — has  not  been  evidenced. 

6.  The  two  critical  points. — Another  equally  marked  analogy  between 
the  gas-liquid  and  liquid-solid  condensations  is  tlie  occurrence  of  a 
critical  point  in  each  case.  The  former  has  long  since  been  pointed 
out  and  is  now  known  for  a  great  number  of  volatile  bodies,  including 
steam.  The  occurrence  of  a  critical  point  in  liquid-solid  condensations 
may  be  reasonably  inferred  from  the  chart,  fig.  2,  seeing  that  the  ver- 
tical height  of  the  cycles  ccmtinually  decreases  when  higher  pressures 
and  temperatures  are  approached.  Eventually,  therefore,  one  must 
reach  a  thermal  state  for  which  the  liquid  changes  isothermally  into 
the  solid  without  marked  or  sudden  change  of  volume,  and  beyond 
which  the  isothermals  will  probably  be  even  without  inflections.  Other 
deductions  may  be  made  from  the  figure,  but,  as  they  have  no  meteoro- 
logic  bearing,  I  will  omit  them, 

7.  Isothermah  of  solution,-^ln  view  of  the  Retailed  analogy  which 
hQlda  between  many  characters  of  fusion  and  pf  solution,  u)uch  that 
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can  be  investigated  for  the  simpler  of  these  phenomena  (fusion  appar- 
ently) will  be  applicable  to  the  other.  A  substance  may  be  transferred 
from  the  solid  to  theliqaid  state  either  (1)  by  heating  itjor  (2)  by  dissolv- 
ing it.  In  general,  excess  of  temperature  or  of  solvent  favor  the  diminu- 
tion of  viscosity  here  in  question,  A  liquid  on  the  verge  of  solidifica- 
tion or  a  concentrated  solution  is  solidified  or  deposits  solid  on  cooling 
or  on  the  withdrawal  of  the  solvent.  In  both  cases  the  nice  adjustment 
of  molecular  equilibrium  is  accompanied  by  volume  hysteresis,  under 
cooling  in  one  case  and  supersaturation  in  the  other.  Hence  I  con- 
cludecl  that  if  under  proper  thermal  conditions  pressure  alone  can 
solidify  a  liquid,  it  can  also,  under  proper  solutional  conditions,  induce 
crystallization  or  the  deposit  of  solid  from  solution. 

Inasmuch  as  the  preceding  paragraphs  show  that  the  isothermals 
expressing  the  nature  of  the  condensation  of  a  gas  have  a  complete 
counterpart  in  the  isothermals  expressing  the  solidification  of  a  liquid, 
it  follows  that  similar  parallelisms  will  probably  be  manifest  in  the 
behavior  of  liquid  and  of  gaseous  solutions.  Now,  it  is  the  latter  case 
which  forms  one  of  the  chief  concerns  of  meteorology,  since  water  con- 
denses out  of  air  and  evaporates  into  air,  so  that  air  and  moisture  make 
up  a  solutional  system.  Having,  therefore,  the  apparatus  with  which 
the  above  fusions  were  studied  still  at  hand,  it  did  not  seem  ill-advised 
to  begin  the  meteorological  work  by  investigating  the  conditions  under 
which  a  solid  is  precipitated  from  solution.  Presumably,  as  before,  the 
cyclic  changes  would  be  more  sharply  demonstrable  for  this  case  than 
for  gaseous  solutions. 

Having  used  the  term  molecular  or  chemical  equilibrium,  I  must 
indicate  its  direct  relation  to  the  mechanism  of  a  vapor  tension. 
Whenever  one  part  of  a  complex  body  passes  from  a  first  tx)  a  second 
molecular  state  as  fast  as  the  other  part  of  the  body  passes  from  the 
second  to  the  first  state,  then  there  is  molecular  equilibrium  at  the 
interiBce.  Thus  iu  a  closed  vessel  water  ceases  to  evaporate  when  as 
many  molecules  are  rejected  by  the  liquid  as  it  receives  from  the  gas. 

In  carrying  out  the  work  for  the  isothermals  of  solution,  two  serious 
difficulties  presented  themselves.  The  first  is  due  to  gravitational 
separation.  Whenever  the  dissolved  solid  is  solidified  at  a  given  tem- 
perature by  pressure,  the  precipitate  tends  to  fall  to  the  bottom  of  the 
tube.  After  relieving  the  pressure  the  original  solution  can  not  be 
reproduced,  for  the  solid  contained  in  the  bottom  of  the  tube  can  only 
reach  the  top  by  the  excessively  slow  process  of  diffusion.  As  the 
result  of  a  large  number  of  compressions,  therefore,  the  lower  layers 
are  soon  more  than  concentrated  and  contain  excess  of  solid,  while  the 
upper  layers  are  relatively  dilute.  The  measurements,  tlierefore,  become 
exceedingly  difficult  of  interpretation,  for  there  is  no  guaranty  that  the 
solution  treated  is  ever  homogeneous.  The  only  way  of  overcoming 
this  irregularity  which  occurs  to  me  would  consist  in  dissolving  the  solid 
7777— No,  12 2 
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in  a  gelatinous  menstruum,  in  which  case,  however,  the  menstruum 
itself  must  be  separately  investigated.  The  second  difficulty  encoun- 
taveA  is  the  small  amount  of  volume  change  which  accompanies  precipi- 
tation. It  is  only  a  fractional  i)art  of  the  liquid  solution  (and  not  the 
whole,  as  in  case  of  fusion)  which  undergoes  change  of  state.  The 
preliminary  i)roblem  therefore  is  the  selection  of  bodies  which  not  only 
show  the  largest  contraction,  but  which  at  the  same  time  are  remarkably 
soluble;  but  very  soluble  solids  as  a  rule  show  hysteresis  or  cycles  of 
such  an  enormous  extent  that  the  available  pressures  are  powerless  to 
solidify  them  in  the  absence  of  crystalline  nuclei.  In  short,  my  work 
on  the  isothermals  of  solutions,  although  carried  through  an  interval  of 
2,000  atmospheres,  has  not  led  to  clear-cut  data,  and  I  will  therefore 
reject  the  whole  of  it  excepting  only  a  few  illustrative  results  obtainabl  e 
by  compressing  threads  of  liquid  contained  in  capillary  tubes. 

8.  Data  for  liquid  solutiom. — The  following  table  contains  results  for 
the  apparent  compressibility  of  naphthalene  dissolved  in  toluol.  A 
tliread  of  the  solution  was  compressed  between  terminal  threads  of 
mercury,  under  conditions  of  constant  temperature,  8;  and  the  com- 
pressibility (/?)  is  estimated  in  terms  of  the  change  of  length  of  the 
thread  of  solution.    The  table  contains  the  time  (in  minutes)  at  which 

the  individual  readings  for  pressure  and  for  volume  decrement  f  ^^  \ 

were  taken.  Two  cases  are  given.  In  the  first  of  these  a  few  crystal- 
line nuclei  were  always  present  in  the  (turbid)  thread;  in  the  other  the 
solution  was  clear  and  without  nuclei. 
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Tablb  1. — [sjthermal  behavior  of  a  eolation  of  naphthalenef  concentrated  at  29^ f  in 

toluol.     Initial  length  of  thread  S.So^'"^  at  3(P. 

[Treatraeni  in  capillary  tubes.] 


Turbid  aolution :  (>=-30.1=>  (29.7=  — 30.6°). 


Clear  solution:  O  —  ZISP  (31.8°  — 31.50). 
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284 

340 

284 

471 

386 

459 

386 

462 

315 

463 

315 

226 

203 

230 

213 

61 

51 

62 

51 

480 

407 

459 

396 

450 

406 

J3X10' 


80 
96 
92 
96 
93 
96 
90 
93 


85 
87 

«;o 


■Floculea. 


19 


The  results  of  this  table  are  given  in  the  chart,  figs.  3  and  4.  Straight 
lines  connect  the  individual  observations  and  arrows  show  the  direc- 
tions in  which  pressure  varies.  Points  belonging  to  diiferent  cycles 
are  distinguished  by  little  circles.  The  volume  decrements  (ordinates) 
corresx>onding  to  each  pressure  (abscissas)  are  represented  positively. 
Numerals  show  the  times  at  which  the  observations  were  taken. 

Considering  the  turbid  solution  first,  the  compressibility  is  regular 
between  45  and  57  minutes.    Between  this  and  80  minutes  i)drtial 


400 


Fi '.  3. — Isothermal  behavior  of  a  turbid  solution  of  naphtbalene  in  t<ilaol. 


solidification  has  set  in  with  a  shifting  of  the  fiducial  zero,  both  because 
some  of  the  dissolved  solid  is  thrown  out  permanently  and  because 
the  mercury  thread  has  been  parted  in  the  endeavor  to  actuate  the 
solidified  thread.  When  pressure  is  reduced,  the  compressibility  is 
again  regular.  Finally  the  second  cycle  resembles  the  first  in  most 
respects.  Throughout  the  work  the  mean  apparent  compressibility 
exceeds  ? = 0.000110.  It  is  usually  much  larger,  particularly  when  the 
solidification  occurs. 
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Fig.  4  for  the  clear  solution  shows  a  shifting  of  the  fiducial  zero,  due 
to  separations  of  the  mercury  thread.  Otherwise  the  results  are  fairly 
regular.  In  one  important  particular  these  results  differ  from  fig.  3, 
namely,  that  the  mean  apparent  co:npressibilities  for  the  clear  column 
are  always  smaller  than  /^=0.000  01)6.  Indeed,  for  the  turbid  column 
the  compressibility  Jictually  increases  from  about  0.000 120  to  0.000 150 
as  more  of  the  solid  has  been  thrown  out;  whereas  in  case  of  the  clear 
column  the  average  apparent  compressibility'  is  about  0.000  0J)0. 

The  reasons  for  this  difference  of  behavior  are  not  for  to  seek,  but 
they  :\rQ  of  great  importance  in  relation  to  the  present  inquiry.     Tn  a 


Fia.  4.— Isothermal  behavior  of  a  clear  solution  of  uaphthaleiie  in  tolaol. 

solution  turbid  with  excess  of  solid  there  is  a  fixed  state  of  chemical 
equilibrium  corresponding  to  each  pressure.  When  pressure  increases 
isothermally  more  solid  is  thrown  out,  and  when  pressure  is  diminished 
the  solid  is,  so  far  as  possible,  redissolved.  The  "turbid"  isothermals 
are  therefore  necessarily  empiric.  This  change  of  state  is  therefore 
equivalent  to  an  increased  rate  of  volume  decrement,  and  hence  the 
observed  apparent  comx)ressibility  is  Jibnorinally  large  as  compared  with 
the  same  solution  free  from  crystalline  nuclei.  '^  Clear"  isothermals  are 
thus  essentially  normal  or  theoretic.  The  results  here  given  are  there- 
fore identical  in  kind  with  the  data  found  and  interpreted  for  silicjite 

'  Since  the  data  for  compressibiHty  were  merely  to  be  compared,  there  was  no  need 
of  correcting  for  the  vohime  expansions  of  the  glass  tube. 
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solations.^  lu  the  latter  instance  I  was  able  to  increase  the  solid  in 
solution  regularly  an^  obtained  an  equally  regular  increase  of  compres- 
sibility to  correspond  with  the  amount  of  available  solid.  So  marked 
were  the  results  that  the  final  compressibility  was  fully  three  times  the 
initial  compressibility  at  the  same  temperature,  whereas  the  usual  effect 
of  clear  solution  is  a  marked  decrease  of  compressibility. ' 

The  second  important  result  contained  in  Table  1  is  the  absence  of 
solidification  in  case  of  the  clear  column,  even  when  pressures  very 
much  larger  than  those  applied  to  the  turbid  column  were  brought  to 
bear  at  nearly  the  same  temperature.  Here,  therefore,  is  indisputable 
evidence  in  favor  of  a  solutional  cycle,  or  of  solutional  hysteresis,  of 
the  same  kind  though  much  larger  in  magnitude  than  was  found  for 
fusion. 

In  the  following  table  I  add  corroborative  results  for  a  solution  of 
zinc  sulphate,  concentrated  at  about  40^  and  then  cooled  down  to  IQo. 
R  denotes  the  resistance  of  a  filament  of  the  solution  varying  in  length 
with  the  volume  decrement  due  to  compression.  Prom  this  and  the 
volume  of  the  reservoir  the  total  isothermal  volume  was  computed  for 
each  i>ressnre. 

Table  2. — Itothetinal  hehavioi'  at  1(P  of  an  aqueous  solution  of  einc  sulphate,  concen- 
trated at  4CP. 


Time. 

Pressure. 

I{. 

Volume. 

0 
15 
23 
34 
47 
57 
60-75 

100 

208 

550 

899 

1,255 

1,798 

2,038 

12,200 
12,  500 

12,  700 
12.800 

13,  OiiO 
13,400 

(a) 

0.7329 
.7314 
.7299 
.7289 
.7371 
.7244 

aBroken.    Ou  removing  from  piesoineter,  the  solution  i  i  clear,  showing  absence  of  solidification. 
Coinpresslbility  too  small  for  measurement. 

Thus  the  striking  fact  is  broughtout  that  the  solution,  already  cooled 
30^  below  its  saturation  temperature,  is  capable  of  withstanding  at 
least  2,000  atmospheres  without  solidifying.  The  experiment  could  have 
been  made  even  more  striking  by  cooling  the  solution  down  to  a  lower 
temperature.  Another  result  of  the  table  is  the  low  apparent  com- 
pressibility obtained  for  the  solution,  as  compared  with  pure  water. 
Had  there  been  fioccules  of  salt  present  the  compressibility  would  have 
been  larger  than  for  that  of  water  for  reasons  already  stated. 

To  summarize  therefore,  the  chief  feature  of  the  results  relative  to 
the  isothermals  of  solutions  is  the  occurrence  of  a  pronounced  volume 
lag,  in  virtue  of  which  solution  at  a  given  temperature  takes  place  at  a 
lower  pressure  than  the  corresponding  precipitation.  When  precipitii- 
tion  eventually  does  occur  it  is  partial,  and  in  this  respect  the  present 
behavior  differs  from  the  corresponding  case  of  freezing  from  fusion. 


*Bara8:  Am,  Jour.,  xu,  p.  110-116,  1891. 
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Id  other  words,  the  Bolution  phenomena  contains  a  clear-cat  example  of 
chemical  equilibrium  varying  with  temperature  ^nd  with  pressure,  the 
meteorological  bearing  of  which  will  already  be  manifest  in  the  course 
of  the  following  paragraphs. 

9.  Blilmck^s  deductions. — Questions  relating  ^the  thermodynaiqics 
of  mixtures  or  solutions  have  been  treated  with  great  generality  by  Van 
der  Waals '  and  others.  Bliimcke's*''  geometrical  constructions,  how- 
ever, afford  a  clearer  view  of  the  matter,  when  the  isothermals  of 
mixed  substances  are  to  be  considered.  I  will  therefore  reproduce  a 
typical  case  of  his  results  here.  Given  two  coercible  gases,  which  in 
their  lic^uid  state  are  perfectly  miscible,  let  the  thermal  state  of  each 
lie  below  its  critical  temperature. 

In  the  annexed  diagram,  fig.  5,  let  P,  F,  X  be  the  axes  of  pressure, 
volume,  and  composition,  respectively.  If  the  mass  be  always  a  unit, 
then  for  .Y=0,  the  mixture  will  consist  of  one  of  the  substances  and 
for  X=l  of  the  other  of  the  substances,  exclusively.  Hence  in  the 
diagram,  n  g  o  p  r  s  may  represent  the  theoretical,  n^  z  r  s  the  empiric, 
isotlierms  of  the  first  body,  and  abc  df  the  theoretical,  abuef  the 
empiric,  isotherm  of  the  second  body;  so  that  g  and  h  are  the  points 
of  incipient,  e  and  r  the  x)oints  of  completed,  liquifaction  of  the  two 
bodies,  at  the  same  temx>erature.  But  equally  definite  points  of  incipi- 
ent and  completed  condensation  exist  for  each  of  the  infinite  number  of 
mixtures  of  the  two  bodies;  or,  in  other  words,  there  is  a  curve,  g  i  &,  in 
space  at  which  nuclear  condensation  begins,  and  a  corresponding 
curve,  r  m  e,  at  which  it  is  complete.  These  two  curves  belong  simul- 
taneously to  the  theoretic  and  to  the  empiric  isothermal  surfaces. 

The  eminric  surface  {r  z  g  ibuefn)  is  sl  conoid  so  circumstanced  that 
any  sectional  plane  parallel  to  A^  V  (and  therefore  a  plane  of  constant 
pressure)  cuts  the  conoid  in  a  straight  line.  In  other  words,  the  conoid 
is  generated  by  a  straight  line  moving  so  as  to  be  always  parallel  to  the 
plane  A"  T'^,  while  the  ends  of  the  line  travel  on  the  space  curves  r  m  e 
and  gib  respectively. 

To  find  the  isothermals  corresponding  to  a  given  composition,  a?,  a 
plane  must  be  passed  parallel  to  P  T,  at  the  stated  distance  x  from  it, 
and  the  lines  of  intersection  with  the  surface  will  represent  both  the 
theoretic  and  empiric  isotherms  for  the  mixture.  The  figure  contains 
a  section  of  this  kind  about  midway  between  the  end  planes  (x=0  and 
j?=l).  The  two  isothermals  are  shown  athit  vj  k  and  at  h  i  v  m  k, 
Now,  it  is  clear  at  once  that  the  empiric  isotherm  i  v  m  will,  in  general, 
intersect  a  number  of  the  generatrices  of  the  conoid.  Hence  i  v  m  must 
be  a  curved  line,  such  that  pressure  continually  increases  while  volume 
diminishes,  if  the  path  i  v  m  is  to  be  stable,  as  it  actually  is.  Finally 
the  thermodynamic  relation  of  the  two  isotherms  i  t  vj  m  and  i  v  m 
implies  that  equal  areas  t  f  r  and  r  j  m  are  thus  intercepted. 


» Van  (ler  WuaU:  Ostwald  Zts.,  V,  p.  133,1890. 
''Bliimcke:  loc.  cit. 
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When  temperature  iucreases,  lUe  form  of  the  thermodynamic  surface 
will  also  change.  Thus  if  one  of  the  ingredients  of  the  mixture  be  at 
or  above  the  critical  temperature,  the  corresponding  part  of  the  iso- 
thermal surface  will  be  more  and  more  without  double  inflectiou,  and 
the  isothermal  sections  will  be  correspondingly  modified  throughout 
the  surface.  This  is  the  case  for  water  vapor  suspended  in  the  atmos- 
phere, to  which  detailed  consideration  will  be  given  in  the  course 
of  development  of  the  present  investigation.    Here  it  is  merely  neces- 


FiG.  5. — Isotherms  of  mixliires. 

sar}'  to  point  out  the  application  of  the  surface,  fig.  5,  to  the  case  of 
the  solid-liquid  solutions  contained  in  tables  1  and  2. 

Both  ingi*edient8  of  the  solution  (naphthaline  and  toluol,  for  instance) 
lie  below  their  resi)ective  liquid-solid  critical  temperatures.  Hence  the 
isothermals  for  x=0  and  x^=l  will  have  the  general  form  instanced  in 
fig.  5.  So  long,  moreover,  as  the  remarks  are  restricted  to  the  precipita- 
tion of  one  only  of  the  ingredients  out  of  the  solution,  the  character 
of  fig.  5  need  not  be  modified.  Hence  h  i  t  vj  m  Ic  may  be  taken  as 
the  theoretic  or  normal  isothermal  along  which  compression  is  directed 
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for  the  case  of  the  clear  solution,  aiid  h  i  v  mk  as  the  path  of  com- 
pression for  the  turbid  solntioii.  la  short,  therefore,  impressibility, 
regarded  as  the  rate  at  which  volume  changes  with  pressure,  will  be 
in  a  marked  degree  greater  along  the  path  i  t  than  along  the  path  i  v, 
and  this  is  x)recisely  the  dictum  of  the  results  contained  both  in  tables 
1  and  2. 


CHAPTER  II. 

THE  COLORS  OF  ClaOUDT  CONDENSATION. 

10.  Purposes  specified. — Turning  now  to  the  subject  proper  of  the 
present  research — the  passage  from  water  vapor  to  liquid  in  a  menstruum 
of  air — it  follows,  from  what  has  been  stated,  that  as  one  can  not  work 
with  free  air,  the  method  applicable  to  the  condensation  problem  must 
be  so  chosen  as  to  trace  the  progress  of  the  experiment  at  each  moment 
throughout  the  course  of  the  change  of  physical  state.  Only  by  pro- 
ducing instantaneous  condensation  can  the  conditions  of  a  free  atmos- 
phere be  simulated  experimentally,  and  a  phenomenon,  independent  of 
the  surface  forces  at  the  walls  of  the  vessel,  bo  observed.  Above  all 
things  it  is  therefore  necessary  to  obtain  some  means  of  discriminating 
between  vapor  and  a  collection  of  indefinitely  small  water  globules. 
Thus,  for  instance,  the  difference  of  specific  inductive  capacity  for  the 
two  cases  might  furnish  an  available  criterion ;  but  this  method  would 
present  great  experimental  difficulties.  Kor  is  it  clear  whether  any 
inkling  could  thus  be  obtained  relative  to  the  size  of  the  water  glob- 
ules. Both  these  desiderata  are  supplied  within  certain  limits  by  the 
colors  of  cloudy  condensation,  and  it  is  to  the  description  of  a  method 
of  producing  them  at  will,  of  interpreting  color  in  terms  of  size  of  par- 
ticle, and  of  making  the  phenomenon  tributary  to  the  problem  in  ques- 
tion, that  the  present  chapter  will  be  devoted.  If  these  elusive  color 
effects  can  be  brought  thoroughly  under  control,  then  an  exx)erimental 
method  of  much  greater  scope  than  the  earlier  observers  have  appre- 
ciated must  necessarily  result. 

Incidentally  I  will  add  other  allied  experiments — such,  for  instance, 
as  relate  to  electrification,  etc. 

11.  Literature  on  cloudy  condensation. — For  information  on  the  pres- 
ent status  of  the  subjex^t,  I  am  here  as  elsewhere  greatly  indebted  to 
Prof.  Cleveland  Abbe,  who,  with  his  usual  courtesy,  placed  his  detailed 
knowledge  wholly  at  my  disposal. 

The  fnndamentsU  researches  of  Coulier^  and  Mascart,^  and  of 
Aitken,^  though  closely  allied  with  the  present  work,  refer  chiefly 


'  Coalier:  Jour,  de  Pharrn.  <»t  de  Cliiin.  (4),  xxii,  p,  165,  1875;  Cf.  Fortschritte  der 
Phjaik,  XXXI,  pp.  471,870. 

^Mascart  (see  Coulier)  verified  Coiilier's  work. 

'Aitken:  Nature,  xxiu,  pp.  195,  384,  1880;   Trans.  Hoy.  Soc.  Edih.,  xxx,  p.  337, 
1881. 
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to  the  fanction  of  dust.  They  are,  moreover,  too  well  known  to  need 
comment  here. 

With  regard  to  the  color  phenomena,  the  first  definite  observa- 
tions were  made  by  Forbes,*  Avho  worked  with  immense  high-pressure 
steam  jets.  Foi;  this  reason,  probably,  he  saw  only  the  yellow-browns 
of  the  first  order. 

The  syst^ematic  research  of  the  subject  followed  at  a  much  later  date, 
and  is  due  to  Kiessling^.  His  treatment  is  exceptionally  thorough 
and  virtually  contains  all  that  is  known  of  the  color  phenomena 
by  exhaustion.  I  shall  have  occasion  to  refer  to  these  experiments 
again,  and  here  merely  state  that  neither  the  original  tubular  form 
nor  the  later  spherical  form  of  Kiessling's  apparatus  is  suitable  for 
my  purposes.  The  condensations  produced  by  suddenly  expanding 
dusty  air  (partial  exhaustion)  and  the  colors  thus  evoked,  however 
startling,  are  necessarily  fieeting  and  can  not  be  brought  under  control. 

The  subject  is  next  taken  up  by  R.  v.  Helmholtz,'  chiefly  with  the 
object  of  developing  a  new  method  for  measuring  the  depression  of 
vapor  tension  produced  by  solution.  The  function  of  dust  is  considered 
incidentally  at  some  length,  and  a  size  is  assigned  to  the  cloudy  par- 
ticles. Color  phenomena  are  not  ai^ecially  observed  until  in  a  second 
paper  li.  v.  Helmholtz*  corroborates  Kiessling's  researches  by  the  aid 
of  steam  jets,  and  particularly  with  reference  to  the  condensation 
induced  by  electric  discharges.  He  analyzes  the  opaque  steam  jet  into 
zones  of  color,  obtaining  a  serviceable  scale.  After  a  series  of  striking 
experiments,  v.  Helmholtz  concludes  that  a  disturbance  of  the  chemical 
equilibrium  of  the  surrounding  medium  produces  a  condensation  effect 
on  the  jet  similar  to  the  dust  effect.  Omitting  further  reference  to  this 
important  research  for  the  present,  I  shall  proceed  with  the  corrobo- 
rative paper  of  BidwelPs.''  He  suggests  that  the  occurrence  of  an 
opaque  jet  is  due  to  electrical  influences  similar  to  those  by  which  Lord 
Rayleigh^  produced  a  coalescence  of  scattering  water  jets.  Hence 
Bidwell  believes  the  particles  of  an  opaque  steam  jet  to  be  larger  than 
the  corresponding  particles  in  ordinary  jets. 

In  the  recent  imper  on  the  subject,  Mr.  J.  Aitken'  argues  very  soundly 
that  BidwelPs  view  can  not  be  correct,  and  thus  substantially  corro- 


'Forbes:  Phil.  Mag.  (3),  xiv,  pp.  121,419,  1839;  ibid.  (3),  xvi,  p.  102,  1840. 

^Kiessliug:  Natiirw.  Verein,  Hamburg-Altona,  viii  (1),  1884;  Giuttiuger  Nachr., 
V,  p.  122,  1884;  ''D^iuinerangserscheluuugeUi  Chapter  v,  pp.  133-145;  Hamburg,  L. 
Vo88,  1888. 

=  R.  V.  Uolmholtz:  Wied.  Ann.,  xxvii,  p.  508,  1886. 
R.  V.  Helmholtz:  Wied  Aiiu.,  xxxii,  p.  1, 1887. 

^Bidwell:  Electrician,  xxiv.,  p.  146,  1889;  Phil.  Mag.  (5),  xxix,  p.  158,1890. 

6Rayle*igb:  Proc.  Roy.  Soc.  Loud.,  xxviii,  p.  406,  1879.  According  to  G.  Wiede- 
mann (Beiblietter),  xiv,  p.  291, 1890,  and  Wiedemann's  Klectricita^t,  i,  p.  27,  these 
phenomena  were  observed  by  FatherGordon,of  Erfnrt,  about  one  hundred  and  forty 
years  ago.  They  were  frequently  repeated  by  Fuchs  in  1856  and  studied  by  lieetz 
in  1871. 

^Aitken:  Proc.  Roy.  Soc,  li.,  March,  1892,  p.  408. 
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borates  B.  v.  Helmholtz^^  who  had  proved  the  occarrence  of  smaller 
particles  in  the  opaque  jet  as  compared  with  the  ordinary  jet  some  five 
years  before.  After  classifying  the  varions  methods'  by  which  the 
i^ipearance  of  a  steam  jet  may  be  made  to  pass  from  the  ordinary 
to  the  abnormal  aspect,  Mr.  Aitkeu  discusses  the  causes  underlying 
each  experiment  in  detail.  An  important  novelty,  namely,  the  eitect 
of  the  temperature  of  the  medium  surrounding  the  jet,  is  here  intro- 
duced. To  explain  all  the  phenomena,  a  repulsive  force  acting  between 
the  particles  below  a  certain  temperature  is  postulated  in  addition  to 
the  repulsive  action  of  the  electrically  charged  particles.  In  the  second 
part  of  his  paper  Mr.  Aitken  takes  up  the  colors  of  cloudy  condensa- 
tion and  gains  an  advantage  by  passing  the  steam  jet  through  tubes 
illuminated  by  transmitted  light.  Unfortunately  he  does  not  i>erfect 
this  arrangement,  but  proceeds  to  produce  these  phenomena  by  the 
exhaustion  method,  virtually  repeating  Kiessling's  work;  but  the 
breadth  and  thoroughness  of  Mr.  Aitken's  work,  together  with  the  fact 
that  it  was  done  quite  independently  of  the  German  researches, 
enhances  the  value  of  its  bearing  on  the  present  subject. 

This  hasty  survey  will  suffice  for  the  present,  as  more  specific  infor- 
mation is  to  be  brought  forward  in  the  course  of  the  following  para- 
graphs. I  have  omitted  references  to  atmospheric  phenomena,  such, 
for  instance,  as  are  discussed  by  Kiessling  loc.  cit.,  and  Abbe,^  because 
they  do  not  fall  within  the  limits  of  the  present  paper. 

[Among  recent  contributions  I  may  refer  to  a  discussion  between 
Mr.  Aitken,  Mr.  Bidwell,  and  myself  in  Nature,  XLix,  pp.  340, 363, 388, 
1894,  as  to  causes  which  induce  aqueous  condensation;  and  particularly 
to  a  ]>a]>er  by  E.  Kaiser  in  Wied.  Ann.,  Liii,  p.  667, 1894,  who  shows 
that  the  coalescence  of  liquids  due  to  electrification  is  the  result  of 
purely  mechanical  pressure.  This  new  result  effectually  clinches  the 
argument  made  in  section  26  of  this  Bulletin. — January  30, 1895.] 

12.  Literature  on  disgregation. — Incidentally  I  will  have  to  refer  to 
the  scattering  of  particles  from  the  surface  of  a  very  hot  metal,  as  well 
as  to  the  analogous  phenomenon  produced  by  an  impinging  beam  of 
ultra  violet  light,  by  electrification,  etc.    The  work  which  has  been  done 


R.  v.  Helmholtz:  Wied.  Ann.,  xxxii.,  p.  2,  1887.  After  referring  to  Kiessling's 
results,  V.  Helmholtz  remarks:  ''Da  letztere  (Diffractionsfarbon)  von  der  Grosse 
and  Regelmiissigkeit  der  Nebeltropfclien  abhiingen,  so  liegt  der  Schluss  nahe,  dass 
dnrch  die  electrischenKrafte  die  Condensation  *  •  '^  beschleunigtwird.  Die  Art, 
wie  sich  die  Farben  mit  der  Elektrisining  der  Spitze  iindem,  scheint  dies  zu 
bestiitigen.  1st  namlich  die  Menge  der  ansstromenden  Elektricitut  sehr  gross,  so 
wird  der  Strahl  blaulicli  bis  tief  Aznrblaii,  wie  der  Himmel.  Diese  Fiirbnng  deutet 
anf  sehr  zahlreiche,  sehr  kleine,  und  sebr  regelmiissige  Nebeltropfchen  bin.  Lasst 
der  Strom  der  Elektricitiit  allmlilich  iiach,  so  wird  das  Blau  immer  weisBlicher, 
was  auf  das  Hinzutreten  grosserer  Tropfen  deutet/'  etc. 

^These  are:  (1)  Electriti cation  of  jet,  (2)  an  increase  in  the  number  of  dust  nuclei, 
(3)  cold  or  low  temperature  of  the  air,  (4)  liigh  pressure  of  steam,  (5)  obBtructions 
and  rough  nozzles.    Aitken,  loc.  cit.,  p.  409,  et  seq. 

'Abbe:  Am.  Meteo.  Jour.,  v,  p.  529,  1889. 
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on  these  subjects  is,  however,  very  extensive,  so  that  only  a  mere  men- 
tion ^  of  prominent  papers  can  be  made  here.  ^ 

APPARATUS. 

13.  The  jet— To  answer  the  requirements  of  section  10,  the  endeavor 
must  be  made  to  construct  an  apparatus  by  which  any  of  the  colors  of 
cloudy  condensatiou  may  be  produced  at  pleasure,  and  be  maintained 
at  the  greatest  brilliancy  possible  for  any  length  of  time.    In  the  color 

estimations,  furthermore,  it  is 
desirable,  if  not  necessary,  to 
have  a  given  normal  or  fiducial 
caseof  condensation  constantly 
at  hand,  for  comparison  with' 
the  results  obtained  in  any 
variation  of  experiment.  Sec- 
tion 17.  Only  ill  the  case  of 
vapors  issuing  from  a  jet  are 
the  preliminary  conditions 
filled,  for  here  the  particles  are 
supplied  as  fast  as  they  are 
removed  out  of  the  field  of  view, 
and  they  may  be  removed  before 
they  change  in  size  appreciably. 
Section  23.  The  jet,  moreover, 
may  eitlier  be  fed  with  pure 
steam  or  with  compressed  air 
supersaturated  with  aqueous 
vapor.     Section  25. 

When  steam  is  used  alone, 
it  must  be  available  in  large 


-^ 


Fig.  6.— steam  box.    Scale  i- 


quantity,  at  a  pressure  of  about  1  atmosphere  or  more.  This  pressure 
may  then  be  reduced  by  an  ordinary  steam  cock.  To  dry  the  steam, it  is 
conveniently  passed  into  acylindrical  box,  A^  fig.  6,  through  the  vertical 
pipe  a,  surmounted  by  the  cock  specified.  It  is  conveyed  to  the  jet  by 
a  lateral  pipe,  h.  The  water  which  collects  is  discharged  from  time  to  time 
through  c,  at  the  bottom  of  the  box,  and  a  pipe,  dj  communicates  with 
an  open  mercury  manometer  for  the  measurement  of  pressure.    It  is 


'  Tlie  reader  is  referred  to  Nahrwold:  Wied.  Ann.,  xxxi,  p.  467,  1887;  xxxv,  p. 
107,  1888.  Berliner:  Wied.  Ann.,  xxxiir,  p.  289,  1888.  Wiedemann  and  Ebert: 
Wied.  Ann.,  xxxiii,  p.  241,  1888.  Elster  and  Geitcl:  Wied.  Ann.,  xix,  p.  588,  1883; 
XXVI,  p.  1,  1885;  xxxi,  p.  109,  1887.  Guthrie:  Phil.  Mag.  (4),  xlvi,  p.  257,  1873. 
Koch:  Wied.  Ann.,  xxxiii,  p.  454,  1888.  Kayser:  Wied.  Ann.,  xxxiv,  p.  760,  1888. 
Hertz:  Wied.  Ann.,  xxxi,  p.  983,  1887.  Stoletow:  C.  R.,  cvi,  p.  1149,  18K8. 
KaUwachs:  WMed.  Ann.,  xxxiii,  p.  301,  1888.  Leuard  and  Wolf:  Wied.  Ann., 
XXXVI,  p.  443,  1889.  Righi:  Mem.  Acad.,  Bologna  (4),  ix,  p.  369,  1888.  Crookes: 
Nature,  xi.iv,  pp.  212,  455,  1891.  Prof.  A.  W.  Wright,  of  Yale  College,  investigated 
this  subject  extensively  at  a  much  earlier  date. 


29 

often  necessary  to  have  two  afflax  pipes,  b,  one  of  which  is  provided 
with  a  suitable  stopcock.  Section  17.  A  may  be  made  of  stout  tin 
plate,  thoroughly  soldered. 

A  jet  of  almost  any  kind,  with  a  smooth  hole  about  1  mm.  in  diame- 
ter, is  satisfactory.  It  may  be  conveniently  shaped  from  lead  pii)e. 
Wben  the  variations  of  the  color  phenomena  are  to  be  quantitatively 
studied,  it  is  advisable  to  make  the  jet  ^  as  shown  in  fig.  7.  Here  ab  is 
a  brass  tube  about  10  cm.  long  and  1  cm.  in  diameter,  the  end  b  of 
which  is  threaded  both  on  the  outside  and  inside,  so  that  a  small  thin- 
walled  nipple,  c,  closed  at  the  outer  end,  may  be  inserted.  Into  the 
top  of  c»,  a  hole,  rf,  is  smoothly  drilled.  The  outer  thread  at  b  is  useful 
in  screwing  the  jet  to  the  color  tube  (sections  14, 16)  into  the  center  of 
which  c  projects.  The  open  end  a  of  the  jet  is  to  bo  connected  with 
the  tube  b  of  the  steam  box,  fig.  6,  by  a  short  piece  of  stout  rubber 
tabing. 

If  this  jet  is  so  made,  the  diameter  of  the  hole  d  is  accurately  known, 
and  hence  the  quantity  of  steam  discliarged  into  the  color  tube  can  be 
computed  by  Napier's  or  Grashofs  formulae  for  any  pressure  in  A  (fig. 
6).    Furthermore,  the  ainount  of  adiabatic  cooling  of  the  st/Cam  issuing 
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Fia.  7.— Stoamjet.    Full  size. 

at  d  is  also  easily  calculated.  Both  of  these  quantities  are  of  impor- 
tance when  the  color  phenomena  are  to  be  systematically  studied. 

Finally,  by  varying  the  number  of  holes  in  df,  an  increased  intensity 
of  some  of  the  very  faint  colors,  or  a  peculiar  persistence  of  others,  is 
often  obtained.    Section  25. 

The  jet  is  virtually  a  region  at  which  steam  passes  suddenly  from  a 

high  temi^eratnre  to  a  relatively  low  temperature.    A  mass  of  steam 

is  thus  continually  maintained  in  a  definitely  supersaturated  condition. 

This  state  of  things  is  accentuated  by  the  cold  air  with  which  the  jet 

comes  in  contact. 

14.  The  color  tube.    First  form. — In  making  the  observations  the 

chief  desideratum  is  a  closed  receptacle  with  a  clear  field  of  view  from 

which  all  extraneous  light  is,  so  far  as  possible,  excluded.    If  a  tube 

closed  with  glass  plates  is  used,  tliese  at  once  cloud  over  when  exposed 

to  steam,  and  the  tube  is  then  worthless  for  observation,  except  for  the 

loudest  of  the  colors.    To  look  directly  into  steam  is  equally  unsntis- 


^See  next  chapter,  sectiou  45,  et  scq. 
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factory,  besides  being  a  severe  tax  on  the  eyes.  One  way  of  overcom- 
ing the  difficulty  is  to  heat  the  plates  with  a  Bunsen  burner  above  lOOoC. 
If  the  glass  is  poorly  annealed  a  smooth  piece  of  wire  gauze  may  be 
siretched  tightly  over  it  to  obviate  breakage.  All  this  is  incon- 
venient. A  special  steam  jacket  at  the  plates  is  inefficient,  while  tubes 
open  at  one  end  would  not  m^eet  the  requirements  of  the  quantitative 
work.    Hence  I  proceeded  as  follows* 

The  color  tube  is  shown  in  its  various  forms  in  figs.  8,  9,  10,  II.     In 
all  these  cases  the  tube  proper,  C,  A,  A,  Bj  is  the  same;  bub  it  is  placed 


FiQ.  8.— Color  tube  with  attached  Bnnsen  Jet  and 
Appurtenances.  Longitudinal  section.  First 
method.    Scale  i. 


in  different  positions  to  obtain  different  effects.  This  tube  is  preferably 
of  thin  sheet  zinc  or  copper,  to  i)reveiit  rusting,  and  the  part  A  A  is 
about  60  cm.  long  and  5  to  7  cm.  in  diameter.  A  lateral  branch  B,  of 
the  same  diameter  and  about  10  cm.  long,  euiers  the  main  tube  at  right, 
angles,  at  the  lower  end,  fig.  8,  and  the  common  bottom  m,  of  the  two 
tubes  is  closed  by  a  plate  of  clear-glass  g^  heid  in  place  by  the  ring  b 
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jij-.d  the  nuts  n.  This  joint  is  made  quite  tight  by  a  gasket  of  rubber 
r,  forced  against  the  common  rim  of  the  tubes  by  the  nuts  just  men- 
tioned. 

In  the  same  way  the  top  a  of  A  ^  and  the  outer  end  c  of  B  may  be 
elosed,  as  the  figure  clearly  shows  the  efflux  pipe  G  does  not  need  an 
attachment. 

The  mixture  of  steam  and  air  (obtained  in  a  way  presently  to  be 
shown)  enters  near  the  bottom  of  A  Aj  through  another  lateral  tube  df, 
whose  axis  is  in  the  plane  A  B  and  nearly  vertical  when  the  plate  g  is 
horizontal.  The  vapor,  after  passing  through  A  A^\%  discharged  by  a 
large  tube,  0,  near  the  top. 

In  the  position  of  fig.  8,  sky  light  L  enters  the  tube  at  a,  and,  after 
passing  through  the  steam  and  the  window  ^,  is  conveniently  observed 
by  aid  of  a  little  mirror  M  and  a  screen  N^  with  a  circular  hole  in  front 
of  M.  This  device  shuts  off  all  light  except  the  rays  I  from  a.'  B  is 
closed  by  an  opaque  plate.  When  the  steam  passes  through  A  A^  the 
window  a  soon  clouds  over  but  this  is  no  great  disadvantage^  for  a  is 
a  mere  source  of  diffuse  white  light.  The  window  </,  however,  must  be 
quite  transparent,  otherwise  the  colors  of  the  steam  could  not  be  seen. 
To  secure  this  end,  I  poured  a  little  water  into  the  trough  m  at  the  bot- 
tom of  the  tube.  A  beautifully  clear  field  is  thus  obtained,  the  observer 
looking,  as  it  were,  through  a  plane  parallel  plate  of  water.  Additional 
water  which  collects  here  from  the  steam  is  eventually  discharged 
through  d. 

The  feeder  in  this  case  resembles  a  Bunseii  burner  supplied  with 
steam  instead  of  gas.  The  jet  proper  (shown  at  j)  has  the  form  given 
in  fig.  7,  and  is  screwed  into  the  brass  tube  e,  the  top  of  which  fits 
snugly  into  d  of  the  color  tube.  Any  i^ater  which  collects  here  falls 
into  the  prolongation  w  and  may  be  discharged  through  the  stopcock  h. 
When  the  jet  is  in  action,  air  enters  through  lateral  tubulures  /,  only 
one  of  which  is  shown  in  the  figure. 

This  apparatus  is  frequently  convenient,  because  the  jet  j  can  be  so 
easily  supplied  with  pure  air  or  with  air  impregnated  with  dust  or 
vapor  in  any  manner.  It  shows  a  fair  succession  of  blues  and  (under 
special  treatment)  intense  yellows  and  orange  browns  of  the  first  order. 
Tlie  field  becomes  quite  opaque  with  the  merest  trace  of  dust,  etc.  But, 
as  a  rule,  the  colors  are  not  brilliant,  nor  can  the  purples  and  blues  of 
the  second  order  be  seen  with  certainty.  I  was  for  a  long  time  at  a  loss 
to  ascertain  the  cause  of  this,  and,  after  spending  much  time  on  useless 
mollifications,  I  finally  found  that  the  amount  of  air  which  the  jet  j  can 
drag  through  the  tube  JE7, 2  cm.  in  diameter,  is  usually  insufficient  to 
make  the  colors  glow.  Finally,  for  a  high  pressure  influx,  the  water  in 
lit  is  apt  to  become  turbulent. 

15,  The  color  tube.  Second  form, — Hence  I  made  a  radical  modifi- 
cation by  discarding  the  old  form  of  jet  and  inverting  the  whole  arrange- 
ment in  the  manner  shown  in  fig.  9.    Steam  now  enters  the  tube  A  A 
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directly  by  tlie  jet  j  screwed  into  it  near  the  bottom.  Air  is  supplied 
through  C,  which  is  of  the  same  diameter  as  A  ^.  Moreover,  B  is  now 
the  efflux,  the  plate  having  been  removed.  Sky  light  X,  transmitted 
through  the  tube  by  means  of  the  adjustable  mirror  M  and  the  window 
a,  is  observed  through  the  inclined  plate  g.  Here  a  difficulty  presents 
itself,  inasmuch  as  y7  at  once  clouds  over;  but  I  eventually  overcame 

this  by  moistening  the  inside  of  g  with 
a  solution  of  caustic  potash,  applied 
through  B  with  a  sponge  probang.  In 
this  way  a  clear  field  is  ngain  obtained 
for  some  time  at  least,  after  which  the 
moistening  must  be  renewed.  The 
inclined  position  of  g  makes  the  whole 
window  easily  accessible,  and  a  special 
hole,  closed  by  a  cork,  may  be  cut  iu  the 
elbow  for  inserting  the  probang  when  B 
is  otherwise  engaged.  The  tube/Z  is  also 
closed  with  a  cork.  The  observer  fa<;es 
the  i)late^  symmetrically  and  looks  down 
into  the  color  tube  A  Aj  while  a  screen, 
8j  cuts  off  all  extraneous  light. 

With  this  apparatus  a  brilliant  field  of 
color  is  obtained  so  that  minute  differ- 
ences may  be  detected,  and  I  thus  inves- 
tigated the  scale  given  below  (section  18) 
between  the  intense  oranges  of  the  first 
order  and  the  final  greens  of  the  second 
order,  after  which  the  colors  are  too  faint 
for  recognition.  In  the  latter  case,  since 
low  pressure  steam  must  be  employed,  an 
advantage  is  secured  by  drilling  three  or 
five  holes  in  the  jet  y. 

Fig.  9  shows  that  the  tubes  A  A  slide 
into  a  snugly  fitting  envelope  l\  The  sys- 
tem may,  therefore,  be  shortened  for  ob- 
serving very  intense  colors,  or  lengthened 
for  faint  colors.  Section  25.  Either  end  of 
A  A  may  also  be  rotated,  which  in  many 
experiments  is  necessary.  Section  23. 
16.  Illumination  by  reflection.-^lu  order  to  ascertain  the  source  of 
color  in  these  experiments,  it  is  desirable  to  test  the  cloudy  condensa- 
tion by  reflected  light  as  well  as  by  transmitted  light.  This  may  be 
done  by  x)lacing  the  color  tube,  as  shown  in  fig.  10,  where  the  steam  from 
the  Bunsen  jet  enters  at  d  and  passes  out  at  0,  as  in  fig.  8.  The  plate 
a  is  now  made  opaque  and  the  plate  c  clear,  while  the  plate  g  is 
replaced  by  a  mirror,  reflecting  upward,  and  which  has  a  little  of  the 


Fio. 9.— Color  tube  with  attached  jet. 
LoDgitudinal  section.  Second  method. 
Scale  ^. 
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amalgam  scraped  away  from  the  lower  surface.  Hence  an  observer, 
regarding  the  tube  from  below,  may  look  in  the  direction  of  tlie  axis 
A  A  upward.  The  mirror  M  and  screen  N  of  fig.  8  may  also  be  usexi. 
Fig.  10  shows  that  sky  light  L  now  enters  through  o  and  is  reflected 
by  ff  parallel  to  the  axis  of  the  tube,  a  condition  which  may  be  tested 
by  temporarily  opening  a.  If  the  inside  of  the  tube  is  painted  dark^  no 
light  can  reach  the  eye  except  in  so  far  as  it  is  reflected  {1}  from  the 
cloudy  particles  introduced  into  A  A  through  d. 

A  plate  of  water,  m,  above  g,  is  necessary  here,  as  in  tig.  8,  to  obviate 
clouding. 


Fia.  10.  —Color  tube  arranged  for  Teflection.    Scale  £. 

A  similar  result  can  be  secured  by  introducing  a  little  mirror  on  a 
stem  through  C  in  fig.  9  and  shutting  ott*  the  light  at  the  top  of  the  tube. 
An  observer  looking  into  C  may  then  view  the  color  effects  along  the 
axis  of  A  A. 

17.  Differential  apparatus. — Color  tests  are  not  as  a  rule  satisfactory 
for  quantitative  work,  unless  some  flducial  field  of  color  is  always  at 
hand  for  comparison.  For  this  reason  the  api)aratus  (fig.  9)  was  further 
improved,  as  shown  in  fig.  11,  in  front  view.  The  i)arts  are  lettered  as 
above.  Fig.  11,  therefore,  consists  of  two  color  tubes,  identical  in 
every  respect  and  admitting  of  an  independent  use  of  both  eyes.  Sky 
light  is  introduced  by  the  mirrors  MM\  The  observer  looks  down  into 
both  windows  f/,  f/',  at  once.  The  two  tubes  are  connected  rigidly  by 
the  double  bridge  ?ra,  and  a  horizontal  rod  or  stout  tube,  n,  Joining  the 
bridges,  is  grasped  by  an  ordinary  clamp  for  fixing  the  system  in  place. 
7777— No.  12 3 
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If  the  jets  are  identical,  and  communicate  through  ideiittcal  lengths 
of  tube  with  siMiilar  tubes  b  (fig.  6)  of  the  steam  box  A,  the  colors  seen 
by  both  eyes  must  necessarily  be  identical.  This  state  of  aftairs  may 
be  tested  once  for  all.  Supposing,  therefore,  that  the  right  tube,  A^  A^^ 
is  left  without  interference,  the  other  tube,  A  A,  may  be  manipulated 

in  various  ways.  Thus  one  may  change  the  tem- 
perature, or  the  pressure,  or  the  composition  of  the 
influx  of  air  or  other  material  at  C;  or  the  number 
and  size  of  the  holes  in  the  jet  may  be  varied,  or  the 
steam  variously  impregnated  with  other  gases  before 
it  escai)es  at  the  jet,  etc. 

In  all  such  cases  the  tubes  -1  A  and  A'  A'  are 
connected  in  multiple  arc,  as  it  were.  But  if  the  jet 
be  removed  from  AM',  and  the  discharge  from  A  Ay 
after  passing  through  a  suitable  length  of  wide  tube, 
be  eventually  passed  through  A'  A'  without  further 
interference,  then  these  two  tubes  are  connected  in 
series.  This  adjustment  will,  I  believe,  lead  to  im- 
portant applications  of  the  present  apparatus. 

Reviewingtheexperieuce  of  this  section  it  ai)pears 
that  the  adjustment  of  air  and  steam  which  secures 
the  clearest  field  in  a  color  tube  must  bo  made  as 
nicely  as  the  adjustment  of  air  and  gas  in  a  Bunsen 
burner.  Otherwise  the  colors  are  either  dull  or 
faint.  Doubtless  the  efflux  may  at  times  be  stimu- 
lated to  advantage  by  an  auxiliary  ventilating  tube 
containing  its  own  jet,  without  interfering  with  the 
color  tube  itself.  Sections  23,  25.  In  using  the 
differential  apparatus  it  is  convenient  to  i)rolong 
one  of  the  air  tubes  C  above  the  head,  but  within 
easy  reach,  of  the  observer. 

METHODS   AND   RESULTS. 


18.  The  snccension  of  colors, — The  first  question 
to  be  disposed  of  is  the  succession  of  colors.  Here 
I  am  able  to  proceed  with  considerable  certainty, 
seeing  that  there  is  a  ricli  harvest  of  experimental 
material  available.  1  will  arrange  these  colors  in 
Table  3,  stating  briefly  how  they  were  obtained,  and 
placing  the  colots  where  I  think  they  belong.  I  vf  ill  also  add  Quincke's  ^ 
revision  of  the  colors  of  Newt-on's  rings,  when  seen  normally  by  trans- 
mitted white  light,  as  quoted  by  Kohlrausch,^  for  comparison. 


Via.    11.  —  DiflerentiaJ 
color  tubes.    Front  view. 

Scale  |. 


'Quincke:  Pogg.  Ann.,  cxxix,  p.  180,  1866. 
3  Kohlraasch  r  Leitfadeu^  5  ed.,  p.  340. 
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Table  3. — Showing  the  auccession  of  colore, 
[Data  of  the  last  column  for  air,  white  light,  and  normal  incidence.] 


By 

exhaustion. 

t 

Exp<'rimont8  -with  jcf«. 

1 
1 

Colors  of 
Newton's  inter- 
ferences. 

Thick- 
ness of 
plate  of 
air  in  mil- 
limeters. 

KienHling. 
1864. 

Aitkcn. 
1802. 

Holm- 
holt  z. 
1887. 

Aitken. 
1892. 

Barus. 

1802. 

-Present 
method. 

White. 

be          4J 
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KiessliDg^  was  the  first  to  call  attention  to  the  striking  similarity  of 
the  order  of  colors  at  the  centre  of  his  field,  to  certain  Newtonian  inter- 
ferencesC'gewisseKewton'schelnterferenzfarben").  After  bimAitken^ 
points  out  the  same  fact  more  at  length.  The  remarks  of  these  gentle- 
men, however,  are  cursory  and  vague.  Thus  Aitken  believes  the  colors 
to  be  interferences  by  reflection  of  the  second  and  third  order,  whereas 
my  results  show  interferences  by  transmission  of  the  first  and  second 
order,  terminating  at  the  third. 

Kiessling's  results  need  some  explanation.  His  first  series  of  colors 
is  produced  by  compressing  surcharged,  suitably  dusted,  air,  and  then 
allowing  it  to  expand  suddenly  to  atmospheric  pressure.  The  experi- 
ment being  made  in  a  glass  sphere  illuminated  by  sunlight,  the  colors 
arc  observed  in  the  axis  of  illumination.  The  succeeding  series  are 
obtained  by  aid  of  an  exhaust  pump.  They  are  less  easily  located  rela- 
tively to  Newton's  scale  (see  end  of  table)  than  Kiessling's  first  series. 
Indeed,  1  am  at  a  h)ss  to  know,  from  his  description,  whether  the  whole 
of  the  four  series  (the  colors  gradually  become  fainter  till  they  fade 
completely)  can  be  obtained  in  a  single  exhaustion,  or  whether  they  are 
the  results  of  successive  independent  exhaustions.  1  have  inferred 
that  the  latter  case  holds,  and  have  so  placpd  the  (colors.  In  any  case 
one  would  expect  them  to  become  gradually  more  complex  and  mixed. 
The  first  series  is  intensely  brilliant.    Diffractions  necessarily  enter. 

Aitken,  who  exhausts  long  tubes,  gets  a  wider  range  of  colors  run- 
ning (as  I  interpret  them)  from  the  first  into  the  third  order. 

Von  Helmholtz  saw  all  his  colors  in  the  successive  regions  of  an  open 
steam  jet,  and  reasonably  inferred  that  the  remote  and  cooler  parts 
contain  the  larger  i)articles.  Aitken's  jets  play  into  tubes,  as  stated 
above.    Section  11. 

With  regard  to  my  own  work,  most  of  the  colors  from  the  browns  of 
the  first  order  to  the  purples  of  the  second  can  be  produced  in  the  tube, 
fig.  8,  by  simply  decreasing  the  pressure  under  which  the  steam  issues 
from  about  80  cm.  of  mercury  to  zero.  But  all  the  colors  are  dull,  the 
initial  browns  muddy,  and  the  final  purples  so  faint  as  to  be  hardly  per- 
ceptible. However,  to  obtain  the  white,  yellow,  orange  brown,  and 
brown  red  of  the  first  series  in  a  state  of  great  brilliancy,  it  is  sufticient 
to  let  the  steam  jet  suck  the  flame  of  sulphur  into  one  of  the  air  tubes/, 
fig.  8,  the  others  being  closed.  In  this  way  particles  of  sulphur  are 
volatilized,  unchanged,  in  an  atmosphere  of  SO/  and  they  reach  the  jet  in 
a  state  of  extreme  comminution.  Moreover,  the  full  heat  of  the  flame 
is  sufficient  to  prevent  all  condensation  (white),  in  spite  of  the  sulphur 
nuclei;  but  by  gently  withdrawing  the  flame  the  cloudy  condensation 
gradually  becomes  incipient  (yellow)  and  eventually  more  marked 

^ „_ _ , * 

^KiessHng:  "  Danirnerungserscheinuiigeu/' p.  140,  1884. 

*  Aitken:  loc.  cit.,  p.  433:  *•  As  no  white  follows  the  lirat  blue  it  seems  probable 
that  the  first  spectrum  *  *  *  is  not  observed ;  *  *  *  ."  But  this  is  the  property  of 
the  first  order  of  reflected  interferences  only,  as  stated  in  the  text. 
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(brown).  Hence  these  water  globules  must  be  of  an  extreme  order  of 
minuteness,  their  size  increasing  actually  from  zero  (vapor)  to  the  dimen- 
sion corresponding  to  brown.  When  the  flame  is  withdrawn  the  field 
at  first  becomes  opaque,  and  then  runs  through  the  blues  and  subse- 
quent colors  of  the  schedule — a  result  also  agreeing  with  the  inference 
stated. 

Similar  effects,  but  less  striking,  may  be  obtained  with  a  Bunsen 
burner. 

To  obtain  all  the  colors  (except  the  initial  white  and  light  yellow,  per- 
haps) brilliantly,  and  with  a  special  view  to  minute  differences  of  tint, 
the  apparatus  tigs.  9  or  11  must  be  used.  This  is  the  way  in  which 
the  table  was  constructed. 

In  addition  to  the  data  of  the  table,  the  pressure  in  the  steam  box, 
which  under  fixed  conditions  gives  a  definite  .color,  might  have  been 
added.    But  this  is  the  purpose  of  the  next  chapter. 

19.  Possibility  of  interference. — Tf  now  the  two  parts  of  the  above  table 
be  compared,  there  can  be  no  doubt  that  the  succession  of  the  colors 
of  cloudy  condensation  is  identical  with  the  corresponding  succession 
in  Newton's  rings,  of  the  first  and  second  order,  ^  seen  by  transmitted 
light  under  normal  incidence.  Section  20.  Thus  it  is  worth  inquiring 
whether  this  is  more  than  a  coincidence,  or  whether  small  water  glob- 
ules, all  of  the  same  size,  color  normally  transmitted  white  light,  like 
thin  plates. 

For  a  given  homogeneous  color,  if  I  be  the  intensity  of  the  incident 
light  and  k  the  reflection  coefficient  (0.04—0.05  for  the  given  conditions), 
then,  after  a  single  transmission,  the  interference  nmxima  and  minima 
are  (1-ilf  (I+fe')  I  and  (l-A;)^  (l-Zc^)  /  -that  is,  they  difter  only  very  ' 
slightly  and  the  rings  are  scarcely  percei)tible.  But  if  there  be  an  . 
indefinite  number  of  particles,  all  of  the  same  size,  available,  then  this 
process  is  indefinitely  repeated  in  such  a  way  that  while  the  light  already 
colored  is  not  extinguished  the  admixed  white  light  becomes  continually 
more  fully  colored.  Thus,  after  a  sufficient  number  of  transmissions, 
the  emergent  ray  may  show  intense  color. 

Hence,  wherever  particles  are  in  great  abundance,  full  and  deep  colors 
may  be  looked  for;  and  when  particles  are  not  present  in  gieat  quantity 
the  colors  are  necessarily  i>ale,  dex)endent  as  their  intensity  is  on  the 
frequency  of  transmission.  Clearly,  when  the  jet  is  nearly  shut  off',  the 
mixture  is  more  dilute  then  for  intense  jets,  while  in  both  cases  the 
vapors  fill  the  color  tube  by  expansion. 

20.  The  opaque  field. — Between  brown  and  dark  violet  in  the  colors 
of  the  first  order  there  is  an  opaque  region.  Sometimes  the  brown 
t^kes  on  a  reddisli  hue  and  sometimes  the  violet  appears  purplish. 
But  the  opaque  region  of  indefinable  color  (section  25),  either  in  long 
or  short  color  tubes,  remains.  Indeed,  it  is  a  characteristic  landmark 
in  the  color  territory.     Being  absent  in  exhaustions,  it  is  clearly  to  be 


The  colors  fade  at  the  bojjiimiiij;  of  the  third  order. 
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referred  to  the  jet,  and  is  to  be  interpreted  in  accordance  with  the 
researches  of  Osborne  Reynolds  ^  on  the  flow  of  liquids  in  i)i])es.  Rey- 
nolds found  that  a  colored  jet  passing  through  clear  water  remains 
uniformly  filamentary,  so  long  as  a  certain  critical  velocity  of  efflux  was 
not  exceeded.  After  this  the  jet  breaks  up  suddenly  and  violently  into 
eddies.  In  the  present  experiments  this  critical  velocity  coincides  for 
steam  with  the  opaque  field  of  the  color  tube;  or,  in  other  words,  jit 
this  rate  of  efflux  the  stability  of  the  jet  breaks  down.  Here,  therefore, 
one  would  scarcely  expect  to  find  particles  of  the  same  size  throughout. 

But  this  reason  is  not  quite  adequate;  for,  if  the  intensity  of  the  jet 
be  still  further  increased,  magnificent  browns  and  oranges  appear.  To 
account  for  opacity  it  is  thus  essential  to  inquire  into  the  relation  of 
color  to  size  of  i)article,  at  the  point  where  color  is  extinguished. 

In  the  annexed  diagram,  fig.  12,  1  have  laid  off  Newton's  colors  as 
abscissa),  by  simply  platting  off  eciual  distances  for  each  step  of  color. 
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Fio.  12. — Diagram  showing  tho  colors  of  Newton's  interferences  by  normally  transmitted  white  light. 
as  dependent  on  the  thickncHs  of  the  plate  in  ten-thousiindth.s  of  a  millimeter. 

The  ordinates  are  the  corresponding  diameters  of  the  particles  as  given 
in  the  above  table,  and  referred  to  air.^  Thus  it  is  seen  at  a  glance 
that  whereas,  between  white  and  brown  and  between  violet  and  green, 
the  colors  change  slowly  and  uniformly  for  relatively  rapid  increments 
of  diameter,  quite  the  converse  of  this  holds  good  for  the  intermediate 
space  between  brown  and  violet.  These  hues  would  be  very  sensitive  as 
a  criterion  for  variations  of  the  size  of  particles.  Furthermore,  a  mix- 
ture of  these  colors  is  virtually  black  to  the  given  conditions  of  trans- 
mitted light.  Hence,  if  a  stable  but  rapidly-flowing  steam  jet  topples 
out  of  equilibrium  just  at  this  region  of  colors,  an  ox>aque  field  would 
seem  to  be  inevitable. 
A  similar  explanation  may  be  offered  to  the  straw  color  of  the  yellow 


^ Reynolds:  Phil.  Trans.,  Lontlon,  ill,  p.  935,  1883;  cf.  p.  957. 

^Tho  water  particles  being  smaller  than  this  in  the  inverse  ratios  of  the  indices 
of  refraction.     Nothing  would  he  gained  hy  platting  cubes  of  diameters. 
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following  the  blue  greens;  but  here  the  insufficiency  of  ventilation  is 
already  a  matter  of  consequence. 

21.  Color  tube  by  reflected  light, — If  the  jet  which  has  been  made 
opaque  by  dust  or  otherwise,  and  which  in  the  free  air  appears  blue 
(say)  by  transmitted  light,  be  i)rojected  against  a  dark  background,  the 
complementary  purple  appears  distinctly.  Similarly  in  the  color  tube, 
if  any  part  of  the  field  be  dark,  this  tends  to  take  on  the  complementary 
hue  of  the  field  proper.  Phenomena  such  as  these  are  not  simple,  for 
they  may  result  from  physiological  contrast  and  be  merely  subjective, 
or  they  may  be  truly  physical. 

Hence  I  made  a  special  study  by  aid  of  the  apparatus  fig.  10,  where 
the  only  light  wliich  can  reach  the  eye  (after  proper  screening)  is  that 
reflected  by  the  steam  corpuscles  themselves.  Looking  into  a  tube  of 
this  kind,  when  uf  st^nim  is  a<lmitt«d,  the  sides  and  opaque  top  a  are 
faintly  seen.  Again,  when  pure  steam,  either  without  air  or  with  filtered 
air,  pa.sses,  the  colorless  clearness  remains  and  the  presence  of  steam 
reveals  itself  to  the  eye  only  by  the  shifting  and  dancing  of  the  interior. 
When,  however,  dusty  air  is  admitted,  the  column  is  at  once  opaque, 
of  a  pale  neutrat  white  color,  and,  so  far  as  I  could  see,  it  makes  no 
difference  what  the  color  of  the  transmitted  light  may  be,  or  how  the 
tube  is  manipulated. 

Xow  this  is  precisely  what  one  would  expect,  since  the  case  is  nearly 
the  converse  of  section  19.  For  a  single  particle  and  homogeneous 
light,  the  beams  which  interfere  are  k  I  and  Jc  I  (1 — k)  '*;  i.  e.,  they  are 
weak  but  nearly  equal  in  intensity,  and  the  interference  is  very  perfect 
and  brilliant.  But  it  is  not  capable  of  indefinite  repetition,  for  after 
each  interference  the  direction  of  the  ray  is  reversed.  Hence  such 
light,  if  at  any  depth,  is  either  entrapped  in  the  color  tube  or  it  can 
only  emerge  from  the  tube  (no  matter  whether  front  or  rear  end  be 
considered)  by  being  transmitted  through  the  particles  as  in  section 
19.  Light,  however,  which  has  already  been  colored  by  reflective 
interference  and  is  now  ahso  compelled  to  interfere  by  repeated  trans- 
mission, can  only  have  retained  the  coh)rs  simultaneously  present  in 
both  complementary  colors.  Hence  it  is  virtually  extinguished,  and 
all  one  would  expect  to  see  is  a  dull  white  eftect  of  diftuse  light.  In 
the  same  way  light  colored  by  repeated  transmission  could  not  survive 
reflective  interference. 

Finally,  the  only  ca^se  in  which  colors  by  reflection  are  anticipative  is 
the  one  presented  at  the  beginning  of  this  paragraph — the  case  where 
the  free  mantle  of  the  jet  is  looked  at  against  a  dark  background;  for 
inasmuch  as  the  interference  by  reflection  is  under  like  conditions  much 
more  intense  than  interference  by  transmission,  the  former,  up  to  a 
given  normal  depth,  might  well  prevail  over  the  latter  and  hence  be 
appreciable. 

22.  Size  of  corpuHclcH, — In  so  far  as  the  views  just  presented  are  cor- 
rect, the  size  of  the  prevailing  particles  is  at  once  given  in  terms  of  the 
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colors  of  the  column  seen  by  transmitted  light.  It  is  merely  necessary 
to  divide  the  data  of  Table  3,  in  section  18,  by  the  refractive  index  of 
water  (practically  to  multiply  those  numbers  by  three  fourths)  to  obtain 
the  diameters  of  the  particles  producing  a  given  color.  Thus  it  appears 
that  if  the  prevailing  diameter  be  (say)  0.000,004  cm.,  the  first  of  the 
visible  colors,  the  yellow  of  the  first  order,  looms  into  view.  If  (at  the 
present  stage  of  completion  of  my  apparatus,  section  17)  the  prevailing 
diameter  be  0.000,040  cm.,  the  last  of  the  visible  colors,  the  faint  green 
at  the  end  of  the  second  order,  will  appear.  Between  these  extremes 
something  over  fifteen  different  steps  of  diameter  are  recognizable. 

It  is  interesting  to  compare  this  order  of  values  with  the  data  obtained 
by  V.  Helmholtz  (loc.  cit.).  Utilizing  the  equation  due  to  Lord  Kelvin,^ 
according  to  which,  at  a  fixed  pressure  and  temperature,  the  excess  of 
vapor  tension  at  a  convex  spherical  surface  is  directly  proportional  to 
the  surface  tension  and  inversely  to  the  radius  of  curvature,  v.  Helm- 
holtz found  by  direct  experiment  that  diameters  between  0.000,015  and 
0.000,026  cm.  must  have  been  encountered  in  his  work.  This  is  very 
near  the  mean  of  the  values  found  above  from  interference  data.  It 
corresponds  to  the  field  between  blue  of  the  first  order  and  purple  of 
the  second  order,  and  this  is  the  most  intense  and  persistent  part  of 
the  field. 

To  recapitulate.  If  the  colors  of  cloudy  condensation  seen  under 
normal  incidence  (in  tubes)  be  regarded  as  cases  of  Newton's  interfer- 
ences by  transmission,  the  order  of  succession,  the  occurrence  of  intensity 
and  of  faintness  of  color,  the  i>osition  of  opacity,  the  absence  or  partial 
absence  of  color  by  reflected  light,  and  the  mean  size  of  the  active 
particles  is  well  represented.  This  does  not  yet  amount  to  a  proof  of 
the  proposition  as  against  diffraction ;  *  but  it  is  certain  that  the  increase 
or  decrease  of  the  size  of  particles  has  been  correctly  interpreted  in 
terms  of  color  qualitatively  at  least,  if  not  quantitatively,  and  that  the 
absolute  sizes  derived  can  not  be  far  wrong.  Bearing  this  in  mind, 
the  color  scale  may  be  safely  accepted.  I  shall  probably  recur  to  the 
matter  more  rigorously  at  some  other  time,  and  whatever  correction  be 
necessary  can  then  easily  be  applied. 

23.  The  condemation  problem.— W\th.  these  views  laid  down,  the 
remarks  of  earlier  paragraphs  (sections  10,  17)  may  be  resumed.  In 
the  differential  apparatus,  fig  11,  let  the  two  tubes  A  and  A'  be  con- 
nected in  series,  as  shown  in  the  annexed  diagram,  fig.  13.  Here  the 
jet  of  A'  is  removed,  and  the  vapor  discharged  from  A  is  conveyed  by 
a  sufficient  length  of  tubing,  i),  of  the  same  diameter,  into  A\ 

Then  the  progress  of  the  condensation — i.  e.,  the  difference  in  the  size 
of  water  globules  in  A  and  A' — is  at  once  given  by  the  difference  of 
color  of  the  two  tubes. 


JSir  William  Thomson;  Proc.  Roy.  Soc.  Ediii.,  1880. 

^FoT  in  both  cases  the  superponed  mnxiina  :iiid  minima  must  for  any  homogeneous 
color  lie  at  distances  apart  proportional  to  the  wave  length.  | 
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The  time  takeu  by  the  vapor  in  making  this  passage,  or  the  velocity 
of  the  current,  can  be  accurately  determined  as  follows:  After  a  per- 
manent colored  field  has  been  established,  let  the  flame  of  a  Bunsen 
burner  be  quickly  moved  across  the  air  hole  C.  The  effect  of  this  is  to 
superheat  the  steam  issuing  from  the  jet,  and  therefore  a  momentary 
flash  of  bright  light  is  seen  in  A,  followed  at  once  by  an  opacjue  field 
due  to  the  (cold)  dust  in  the  wake  of  the  flame.  This  flash  travels  like  a 
clear  bubble  througli  the  whole  length  of  tubing  i),  and  is  eventually 
seen  at  A*  quite  as  brilliantly  as  at  A.  It  is  therefore  only  neces- 
sary to  note  the  time  between  the  transit  of  the  Bunsen  flame  a<)ross 
C  and  the  flash  in  A'^  in  order,  with  the  known  length  of  tubing  1), 
to  determine  the  rate  of  flow. 
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Ftn.  13.— Diifcrential  color  tubos.     Arraosed  in  fiorio«. 


Inasmuch  as  this  is  a  problem  into  which  1  am  entering  at  some 
length,  I  will  here  only  cite  a  random  example: 

Length  of  tubing  ADA'  (with  allowances  for  ends).  300  cm 

Time  between  flashes,  1.2  seconds. 

Color  of  A.  Green,  yellow,  blue,  opaque. 

Color  of  A\  Green,  yellow,  blue,  opjique. 

In  other  words,  under  these  conditions  there  is  no  perceptible  conden- 
sation (i.  e.,  enlargement  or  decrease  of  the  water  globules)  in  six-fifths 
seconds.  It  follows  from  this  result  that  a  very  considerable  length  of 
tubing,  D,  is  required  in  these  experiments.  One  difficultj'  is  to  be 
guarded  against — the  train  D  introduces  an  appreciable  resistance  to 
flow.  Hence  the  ventilation  is  apt  to  fall  below  the  necessary  value, 
whereupon  the  colors  in  A,  and  particularly  in  A'y  become  dull.  I 
think  this  can  be  counteracted  by  attaching  an  auxiliary  vertical  tube 
with  an  especial  ventilating  jet  at  B'.  In  this  way  the  experiment 
proper  is  left  without  inteiference. 

Quite  a  number  of  other  questions,  chiefly  in  reference  to  the  flow  of 
gases  in  tubes,  and  to  jets,  suggest  themselves  for  solution  here,  into 
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which  I  will  not  enter.  Temperatures  at  any  part  of  the  system  may 
be  measured,  thermoelectiically  at  least,  and  within  certain  limits  they 
may  be  varied.  Concentrated  sunlight,  for  instance,  can  be  made  to 
actually  permeate  the  substance  of  the  current.  Again,  the  discharges 
of  two  independent  different  colored  tubes  A  may  be  mixed  in  the 
train  D  and  caused  to  react  on  each  other  while  the  effect  is  observed 
iu'il',  etc. 

The  other  two  factors  which  enter  prominently  into  the  present  work 
are  the  amount  of  adiabatic  cooling  at  the  jet  (which  is,  perha)|)S,  open 
to  computation  and  also  to  thermoelectric  measurement,  and  which 
may  be  varied  by  connecting  the  color  tubes  in  multiple  arc,  as  shown 
in  fig.  11,  and  i)utting  a  stopcock  in  one  of  the  tubes,  ft,  fig.  G)  and 
the  temperature  of  the  medium  into  which  the  jet  discharges.  To 
study  the  latter  case  (supposing  the  color  tubes  connected  in  multiple 
arc,  fig.  11),  C  is  to  be  joined  with  a  train  of  tubing  supplying  air  at 
any  temperature  and  suitably  dusted. 

Results  so  obtained,  in  addition  to  their  meteorologic  bearing,  have 
a  general  physical  significance  as  well.  Th*e  reasons  ^  why  an  intense 
or  intensely  supersaturated  jet  is  (ciet.  par.)  shattered  into  smaller 
fragments  than  a  gentler  efflux  will  be  briefly  indicated  in  section  27. 
The  three  experimental  facts  on  which  I  am  justified  m  putting  stress 
are:  (1)  the  occurrence  of  a  marked  degree  of  supersaturation ;  (2)  the 
color-producing  particles  are  an  almost  instantaneous  growth;  (3)  after 
being  produced  they  retain  their  individuality  as  to  size  indefinitely^ 
(relatively  speaking  and  proper  conditions  presupposed).  These,  I 
think,  will  adequately  account  for  the  sudden  action  and  the  equally 
sudden  and  definite  cessation  of  the  drop-producing  tendency  exhibited 
in  the  above  experiments. 

24.  Du%t  and  flames, — Utilizing  the  apparatus  above,  I  made  a  great 
number  of  special  experiments,  into  which,  however,  I  can  only  enter 
here  in  a  cursory  way. 

If.  when  the  apparatus,  fig.  8,  is  in  action  and  tlie  field  of  the  usual 
gray-blue  color,  any  dust  be  set  free  in  the  neighborhood  of  the  air  tube 
/,  the  field  at  once  becomes  opaque.  What  is  meant  by  dust  here  is 
not  so  much  the  noisome  article  of  household  economy,  nor  smoke  neces- 
sarily. Dust  in  the  present  sense  is  preferably  far  more  comminuted 
material  (section  27),  such,  for  instance,  as  arises  out  of  a  clear  perfect 
Bunsen  flame,  or  from  glowing  (not  smoking)  charcoal  (Japanese  punk), 
or  from  cold  phosphorus,  or  from  the  sodium  tinge  in  the  outer  mantel 
of  an  alcohol  burner,  or  from  a  sulphur  flame  (Kiessling),  or  from  the 
surface  of  an  almost  tensionless  liquid  like  ordinary  concentrated  sul- 
phuric acid  (V.  Helmholtz),  etc.  Take  the  apparatus  (fig.  8)  with  all 
the  air  holes  open,  and  let  a  small  clear  Bunsen  flame  be  placed  on  the 
table  above  the  level  of/.    No  effect  is  produced  on  the  color  of  tlie 


•The  ingenious  and  pirturcs«iue  view  of  the  case  taken  by  Mr.   Aitken  will  be 
found  tbrouj^hout  his  paper,  l»nt  particularly  on  page  423.     Cf.  section  11  above. 
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field ;  but  if  the  same  burner  is  put  on  the  floor  in  the  free  air,  much 
over  a  meter  below/  and  even  laterally  from  it,  the  densely  opaque 
field  soon  api)ears  and  persists  for  some  time,  even  after  the  burner  is 
ag^ain  placed  above  the  table.  This  conveys  some  notion  of  the  sen- 
sitiveness of  this  apparatus,  and  the  dusty  exhalation  of  the  little  flame. 

Indeed,  if  the  air  tube  C  of  the  apparatus  fig.  9  be  prolonged  as  far 
as  the  ceiling  of  the  room,  it  will  catch  the  fountain  of  dust  issuing 
from  a  small  Bunsen  flame  on  the  floor  at  a  distance  of  12  feet  below 
the  mouth  of  the  tube.  The  field,  all  but  colorless  before  (faint  blue, 
second  order),  becomes  densely  opaque. 

As  it  seems  to  me,  the  underlying  cause  of  this  striking  activity  is 
not  merely  the  traplike  action  by  which  the  flame  collects  atmospheric 
dust,  but  rather  the  additional  fact  that  many  of  the  great  chunks  of 
such  material  (metaphorically  speaking)  are  heated  to  the  point  of  dis- 
integration and  volatilization.  Thus  a  whole  cloud  of  nuclei  comes 
into  being  where  a  single  one  existed  before;  and  thus  one  might  expect 
the  hot  flames  like  burning  oxyhydrogen  (Coulier)  to  be  more  active 
than  cold  flames  like  alcohol,  since  a  scattering  of  planets  into  nebulae 
is  the  work  to  be  done.  E.  v.  Helmholtz,*  who  is  among  the  chief 
students  of  this  particular  subject,  calls  attention  to  Giese's^  impor- 
tant discovery  of  the  diffusion  of  ions  out  of  the  flame  proper,  and  their 
continued  activity^  at  some  distance  from  it  on  all  sides.  Von  Helm- 
holtz  regards  it  not  improbable  that  many  of  these  ions  are  neutralized 
in  the  steam  jet,  and  there,  by  a  kind  of  molecular  percussion,  induce 
cloudy  condensation — an  exceedingly  beautiful  hypothesis  which  he  is 
loth  to  abandon,  although  throughout  his  paper  his  stronger  judgment 
seems  constantly  to  urge  him  in  the  direction  of  more  humble  refer- 
ences to  atmospheric  dust.  Von  TIelmholtz  does  not  make  a  clear  case; 
but  the  question  is  an  open  one  and  a  decision  will  be  difficult,  for  the 
experiments,  to  be  worth  anything,  must  be  faultless. 

25.  Promiscuous  experiments. — If  a  compressed  gas  (oxygen)  be 
admitted  into  the  color  tube  by  a  collateral  jet,  the  colored  field 
becomes  clearer.  Admitted  with  steam  into  the  steam  box,  the  gas 
pressure  rei>laces  the  steam  pressure,  so  that  without  further  increas- 
ing the  flow  of  steam  the  colors  can  be  made  to  pass  from  the  second 
to  the  first  order,  through  brown,  orange,  yellow,  almost  to  white. 
Thus,  by  using  very  little  steam  (the  jet  alone  showing  greenish  of  the 
second  order)  and  increasing  the  gas  x)ressure,  I  have  chased  the  colors 
through  "opa<][ue"  without  losing  a  transparent  field.  In  this  way  I 
sometimes  detected  a  reddish  hue  on  passing  from  dark  violet  to  brown; 


» Von  Helmboltz:  loc.  cit.,  j).  7,  8. 

«Gie«e:  Wied.  Ann.,  xvii,  pp.  236,  519,  1898. 

^RecaUingtho  more  rerent  roseaiches  of  Arrheniiis  (Wied.  Ann.,  xui,  j).  18, 1891), 
that  a  sodinm  ilanie  is  a  better  electrolytric  condiu^tor  in  virtue  of  the  soliitiou  of 
godiam,  there  is  some  doubt  in  my  mind  as  to  the  sufHciency  of  Giese's  result  for  V. 
Helmboltz*8  purposes. 


44 

bat  as  a  rule  the  transition  is  smoky  and  peculiarly  indefinable.  The 
chief  experimental  advantage  of  this  arrangement  is  the  occurrence  of 
a  jet  of  a  decidedly  lower  temperature  than  the  pure  steam  jet.  The 
quantitative  value  of  such  a  comparison  is  obvious.  If  a  jet  with  but 
one  hole,  0.15  cm.  in  diameter,  be  compared  with  a  jet  containing  a 
number  of  holes  of  the  same  size  (differential  apparatus,  other  things 
equal),  and  if  pressure  is  continually  increased,  the  latter  will  reach 
the  opaque  field  sooner  than  the  single-holed  jet.  After  this  the  action 
is  reversed,  so  that  the  single  jet  reaches  the  initial  orange  sooner  than 
the  other,  if  the  other  passes  beyond  opaque  at  all.  When  there  are 
more  holes  than  one,  the  faint  colors  of  the  second  order  are  more 
obvious  (as  might  be  supposed),  and  a  peculiar  feature  is  the  persistence 
of  intense  emerald  greens.  If  the  jet  contains  as  many  as  five  holes, 
the  colors  become  dull.  The  same  dullness  is  observed  for  a  single  jet 
when  the  air  hole  C  fig.  14,  is  partially  stopped  up.  (Of.  sections  14, 
15.)  These  experiments  have  an  important  bearing  on  the  theory  of 
the  condensation  process. 

Corresponding  experiments  were  made  with  long  tubes,  using  a 
single  jet.  Thus  I  found,  by  decreasing  the  length  gradually  from  220 
cm.  to  150  cm.,  that  for  all  jet  intensities  the  field  remains  opaque. 
On  further  decreasing  the  length  the  colors  gradually  appear,  but  even 
at  110  cm.  they  are  dull.  Tubes  of  this  kind  are  serviceable  for  bring- 
ing out  the  green  and  green  yellow  near  the  beginning  of  the  third 
order  of  colors.     Section  18. 

The  temperature  of  the  walls  of  the  color  tube  does  not  seem  to  pro- 
duce a  marked  result.  Thus  I  put  a  wide  helix  of  lead  pipe,  through 
which  cold  water  was  flowing,  into  the  color  tube,  fig.  8,  but  obtained 
no  noteworthy  eflFect  beyond  a  certain  loss  by  condensation.  The  dif- 
ferential apparatus  was  not  tested  in  this  way. 

Fumes  of  naphthalene,  camphor,  alcohol,  ether,  turpentine,  etc.,  when 
pure,  showed  no  dustlike  action.  A  space  filled  with  naphthalene  fumes 
is  rather  cleansed  of  active  dust,  and  I  suspect  that  this  action  is  con- 
nected with  the  formation  of  little  crystals.  For  iiurposes  like  the 
present,  therefore,  air  in  which  naphthalene  fumes  have  condensed  may 
possibly  be  used  for  filtered  air  with  advantage. 

Sulphur  chloride  (which  is  decomposed  by  water  liberating  sulphur) 
acts  as  actively  as  sulphuric  acid. 

The  action  of  sulphitr  itself  is  more  interesting.  The  effect  of  the 
flame  has  already  been  described  in  section  18.  Let  the  flame  be 
extinguished  and  the  sulphur  cooled  down  to  the  point  of  incipient 
freezing — i.  e.,  until  the  appearance  of  the  surface  changes  from  glossy 
brown  to  opaque  yellow.  On  bringing  this  sample  near  the  air  hole  G 
of  the  differential  apparatus,  the  field  at  once  clouds  over,  even  if  the 
influx  pipe  is  above  2  meters  long.  As  the  sulphur  solidifies  further, 
the  series  of  colors  is  slowly  run  through.  This  experiment  might 
serve  to  illustrate  the  difference  of  vapor  tension  at  the  solid  and 
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liquid  surfaces  of  the  same  substance,  at  the  same  temperature  (Eam- 
say  and  Young,  Fischer).  Furthermore,  a  stick  of  sulphur  softened 
in  a  burner  suggests  itself  as  a  convenient  method  of  showing  the  suc- 
cession of  colors  described  in  the  above  table. 

As  compared  with  moist  air,  dry  air  must  be  the  better  dust  carrier, 
for  the  particles  are  not  clogged  with  moisture.  The  surmise  is  reason- 
able, moreover,  that  a  dried  particle  may  be  peculiarly  effective.  Exper- 
iments made  with  air  passed  over  chloride  of  calcium  and  phosphorus 
pentoxide  negatived  this.  These  bodies  are  neutral.  Hence,  in  the 
case 'Of  sulphuric  acid,  it  is  actually  the  vapor  which  is  the  active  prin- 
ciple, unless,  indeed,  an  air  ammonic  sulphate  be  produced. 

By  far  the  best  dust  producer  which  I  have  found  is  a  freshly-cut 
surface  of  phosphorus  at  ordinary  temperatures;  and  its  activity  per- 
sists for  a  long  time  (certainly  many  hours)  after  cutting.  The  fingers 
rubbed  with  such  phosphorus  are  also  active.  If  air  aspirated  over  a 
piece  of  phosphorus  as  big  as  a  pea  be  mixed  with  diiferent  quantities 
of  room  air  (coalescence  of  the  conveyance  tubes),  persistent  colors  cor- 
respond to  each  degree  of  mixture,  and  they  may  thus  be  produced  at 
the  minimum  (all  but  vanishing)  steam  pressure.  The  active  agent 
here  is  the  invisible  dust  of  oxidation;  for  ozone,  according  to  Mascart, 
is  inactive. 

It  is  important  to  notice  that  the  yellows  of  the  first  order  are  not 
affected  by  dust — another  argument  in  favor  of  their  origin  from  excep- 
tionally small  water  globules. 

To  the  eflfect  of  the  temperature  of  the  air  into  which  the  steam  is  dis- 
charged, I  shall  devote  the  next  chapter.  Suffice  it  here  to  say  that 
below  90  C.  the  field  is  opaque  at  all  pressures.  As  temperature 
increases,  the  steam  pressure  at  which  the  blue  of  the  first  order  passes 
into  opaque  increases  from  zero  rapidly  to  a  maximum;  whereas  the 
pressure  at  which  the  yellows  of  the  first  order  pass  into  opaque 
decreases  from  an  enormous  value,  at  even  a  more  rapid  numerical  rate 
than  before,  to  a  minimum,  in  such  a  way  that,  for  normally  dusty  air, 
the  said  maximum  and  minimum  coincide  at  about  40  cm.  of  mercury 
(pressure)  and  35^  C.  Here,  therefore,  the  blue  passes  into  the  yellow 
without  an  opaque  demarcation.  Beyond  this  (air  temperature  increas- 
ing) the  colors,  which  have  gradually  grown  fainter,  vanish.  The  tube 
is  clear  and  colorless,  showing  that  the  supersaturation  at  the  jet  is  nil. 

26.  Electric  excitation, — Von  Helmholtz,  in  his  paper  on  the  electri- 
fication of  jets,  leaves  the  question  as  to  the  cause  of  the  phenomenon 
open,  indicating  that  either  the  solid  matter  thrown  off  from  the  highly 
charged  point  or  the  diflFused  ions  may  be  the  active  agent.  His  atti- 
tude as  regards  these  two  hypotheses  (both  of  which  he  examines 
elaborately)  has  virtually  been  given  in  section  24,  mutatis^mutandis, 

Mr.  Aitken  throws  himself  vigorously  into  his  own  modification  of 
BidwelFs  hypothesis,  as  already  stated  in  section  11.  Aitken  supx>oses 
that  the  comminution  of  drops,  necessary  to  produce  an  opai^ue  jet,  is 
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here  maintained  in  virtue  of  their  electric  charges,  since  the  repulsions 
thus  set  in  action  prevent  a  coalescence  of  drops.  It  is  noteworthy  that 
no  effect  is  produced  unless  the  exciting  electric  charge  escapes  from 
a  point,  so  that  high  potei)tial  is  essential. 

Kow,  I  was  somewliat  surprised  to  find  an  observer  of  Mr.  Aitken's 
acuteuess  entirely  ignoring  the  misgivings  of  his  predecessor,  and 
particularly  so  since  the  recent  experiments  of  Orookes  ofi  electric 
evaporation  might  well  have  emphasized  the  need  of  such  precautions 
as  V.  Helmholtz  took.  For  if  there  be  any  solid  matter  escaping  from 
an  electric  point,  the  whole  argument  in  favor  of  a  truly  electric  con- 
densation in  steam  jets  is  vitiated. 

I  made  this  test  experiment:  In  the  apparatus,  fig.  8,  the  jet  j  is  in 
the  inside  of  a  practically  closed  conductor.  Hence  it  will  not  be  acted 
on  by  an  electric  field  on  the  outside  of  the  ap])aratus.  To  give  further 
assurance  that  this  was  the  case,  the  (only)  oi>en  air  tube  /  was  pro- 
longed even  2  meters  or  more.  I  then  caused  the  spark  of  a  Ruhmkorff 
coil  to  pass  across  a  gap  made  by  two  coi)per  needles  lying  in  the  same 
line,  with  their  sharp  ends  about  a  centimeter  apart.  Whenever  this 
arrangement  was  brought  near  the  open  end  of /(sui)posing  the  appa- 
ratus in  action)  the  blue-gray  field  became  opaque.  Something,  there- 
fore, passed  between  the  points  of  the  spark  gap,  whether  metallic  dust 
or  other  material,  which  was  simply  sucked  into  /  by  the  draft,  and 
which  affected  the  jet  precisely  as  a  bit  of  glowing  punk  would  have 
done.  I  then  adjusted  the  inductor  so  that  sparks  passed  at  the  coil 
only,  and  none  were  visible  at  the  portable  8j)ark  gap.  On  agjiin  bring- 
ing the  latter  near  the  open  end  of/,  the  darkening  of  the  field  was 
evident  enough,  though  not  so  intense  as  in  the  i)reviou8  case.  Even 
a  silent  discharge  is  therefore  active. 

The  same  results  were  obtained  with  a  clean  i)latinum  spark  gap. 

This  ex])eriment  may  be  made  more  beautifully  with  the  differential 
apparatus,  fig.  11.  Connect  the  air  hole  C  of  the  color  tube  A  A  with  an 
equally  wide  tube  running  vertically  upward  about  2  meters  or  more 
away  from  the  jet.  Then  ijx  the  spark  gaj)  in  front  of  the  oi)en  (upper) 
end  of  this  auxiliary  tube.  The  key  of  the  induction  coil  may  be  held 
in  the  hand.  Let  the  initial  field  of  both  A  A  and  A^  A^  be  faint 
violet  (say)  of  the  second  order.  Then,  as  long  as  sparks  pass  across 
the  gap,  the  field  of  A  A  turns  deep  blue  or  opaque;  or,  in  general, 
changes  in  color  in  the  direction  from  the  second  to  the  first  order,  as  the 
spark  gap  widens.  Indeed,  it  is  i>ossible  to  obtain  almost  any  of  the 
colors  with  very  little  steam,  quite  permanently  in  this  way,  by  simi)ly 
regulating  the  spark  lengths.  The  field  of  A^  A^  does  not  change  in 
color.  Silent  discharges,  (i.  e.,  mere  alternate  chargings  without 
sparks)  act  definitely  but  with  less  intensity. 

Hence  I  conclude  that  the  electrification  of  a  jet  by  means  of  a  point 
is  at  most  a  complex  i)henomenon.  Although  the  effect  of  an  electrical 
field  on  water  jets  is  beyond  (juestion,  no  unassailable  experiment  has 
yet  been  made  to  exhibit  the  occurrence  of  a  similar  truly  electric  effect 
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in  the  case  of  the  cloudy  condeusation  in  steam  jets.  And  since  only 
that  i)art  of  the  ettiux  which  lies  near  the  nozzle  is  influenced,  the 
clear  case  in  favor  of  the  promotion  of  cloudy  condensation  by  elec- 
trification as  such  is  yet  to  be  made.  My  own  belief  is  that  the  evi- 
dence^ will  not  be  forthcoming,  for  reasons  set  forth  in  section  27. 

I  may  note,  in  passing,  that  in  the  present  experiments  (spark  lengths 
increased)  augmentation  of  the  number  of  dust  particles  produces  the 
same  result  as  did  the  increased  supersaturation  in  the  earlier  work. 
A  similar  test  may  be  made  by  holding  the  mouth  of  a  sulphuric-acid 
bottle  (or  hot  sulphur,  etc.)  near  the  open  end  of  the  air  tube  C  and 
then  gradually  withdrawing  the  bottle.  The  field  will  be  found  to  run 
through  the  gamut  of  colors  from  opaque  to  the  second  order.  I 
accentuate  these  observations  because  of  their  theoretical  importance 
(section  27),  remembering  that  the  field  at  the  outset  (before  adding 
dust)  was  pale  violet  or  indigo  of  the  second  order  and  the  jet  nearly 
shut  oft".  Thus  with  little  supersaturation  the  appearance  of  intense 
colors  and  smaller  particles  is  somewhat  startling.  In  no  case  have  I 
in  this  way  been  able  to  produce  tlie  yellows  and  browns  of  the  first 
order  beyond  the  opaque,  except  by  using  phosphoi*us  or  the  flame  of 
sulphur.    Ilere,  however,  heat  enters  as  a  factor. 

One  would  expect  tbe  particles  of  the  steam  jet  to  be  electrically 
charged,  for  the  reasons  given  in  Faraday^s  classical  researches.  I 
thought  it  worth  while  to  test  the  case  for  a  metallic  jet,  however,  as 
follows:  The  brass  nozzle  was  electrically  connected  with  the  earth 
and  the  charge  of  the  jet  collected  by  allowing  it  to  play  against  an 
insulated  metallic  brush  communicating  with  a  Mascart  electrometer. 
Producing  a  blue-gray  field  in  one  tube  of  the  diflerential  apparatus, 
I  found  that  a  maximum  voltage  of  +10  was  easily  collected  at  the 
free  jet  of  tlie  other.  This  maximum  increases  and  decreases  mark- 
edly with  the  intensity  of  the  jet.  The  positive  charge  is  also  decreased 
whenever  a  drop  squirts  from  the  nozzle.  No  difference  between  the 
maximum  voltage  of  an  opaque  (sulphur)  and  an  ordinary  jet  (ca».t. 
par.)  could  be  detected;  but  1  do  not  consider  my  exi)eriment8  final. 

27.  Conclumon.^ — In  the  above  pages  I  have  endeavored  to  show  that 
a  solution  of  the  condensation  problem  may  be  regarded  as  hopeful  for 
a  certain  class  of  water  globules  ranging  in  size  from  somewhat  less 
than  the  sodium  wave  length  of  light  to  about  one-tenth  of  this  magni- 
tude; in  other  words,  the  growth  ol  the  globule,  from  the  latter  to  the 
former  of  these  dimensions,  can  be  controlled  and  studied.  For  par- 
tides  smaller  and  pai'ticles  larger  than  the  limits  given,  the  method  (at 
its  i)resent  stage  of  development)  fails.  Very  frequently,  however,  laws 
carefully  scrutinized  within  a  given  range  suggest  the  behavior  witliin 
the  next  range  (as  I  will  presently  show),  or  else  the  method  of  the  one 


'See  reference  to  E.  Kainer  in  section  11. 

*Keference  to  Hertz,  \'on  Bezold,  and  other  aUied  researches  (see  Professor  Abbe's 
collection  in  Smithsonian  Mis.  Col.,  Wanhiiigtou,  1891),  will  be  duly  made  in  my 
future  work.    The  jtresent  paragraph  is  a  mere  outline. 
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CJise  leads  to  modifications  of  method  for  the  other.  If  0.000,030  cm. 
be  taken  as  the  limit  of  microscopic  separation,  then  particles  whose 
size  is  just  exceeding  the  linut  of  interference  measurement  (0.000,040 
cm.  being  the  green  of  the  second  order  and  the  above  apparatus)  are 
just  becoming  microscopically  measurable.  The  problem  thus  begins 
to  deal  with  something  decidedly  more  tangible. 

In  conclusion,  I  have  to  advert  more  definitely  to  the  point  of  view 
taken  in  Chapter  I,  trusting  that  the  intervening  paragraphs  have 
shown  the  need  of  a  more  detailed  knowledge  of  the  true  isothermals 
for  the  change  of  state-gas  liquid.  By  the  term  true  isothermals,  I  wish 
to  indicate  that  the  behavior  of  a  free  fluid  is  meant — i.  e.,  one  in  which 
there  is  neither  nuclear  nor  surface  condensation,  or  virtually  a  dust- 
free  fluid  in  a  vessel  ot  extensible  and  absolutely  neutral  walls.  No 
such  vessel  exists;  hence  all  the  experiments  must  be  of  an  instanta- 
neous kind,  so  that  the  results  maybe  noted  before  the  vessel  has  time 
to  distort  them. 

Necessarily  the  isothermals^  for  this  ideal  case  must  be  of  fundamental 
importance.  Their  chief  feature  may  be  already  inferred.  Near  the 
region  of  changes  of  state  all  are  characterized  by  a  pronounced  volume 
lag,  in  virtue  of  which  at  a  given  temperature  it  takes  a  higher  pressure 
to  change  the  pure  dry  vapor  back  to  the  liquid  state  than  the  pressure 
at  which  the  liquid  just  wholly  vaporized. 

To  take  a  concrete  example,  let  the  volume  of  a  given  mass  of  water 
at  100°  C  be  allowed  to  expand  isothermally  until  the  whole  bulk  is 
quite  converte<l  into  dry  steam.  The  pressure  so  obtained  is  the  vapor 
tension  of  water  at  100^ — i.  e.,  1  atmosphere.  Then  if  the  vajwr  be  dust 
free  and  contained  in  the  ideal  vessel,  no  condensation  can  take  place 
on  again  decreasing  the  volume  isothermally,  at  100,  until  the  pressure 
has  reached  a  remarkably  high  value.  For  by  hypothesis  the  only 
nuclei  present  must  be  a  collection  of  water- vapor  molecules  and  must 
therefore  be  of  molecular  dimensions.  Hence  the  condensation  pressure 
must  reach  the  vapor  tension  at  100°  C,  at  an  extremely  convex  sur- 
face. It  is  interestiUjg  to  estimate  in  a  rough  way  about  how  large  this 
pressure  will  be.  The  distance  between  the  centers  of  two  adjacent 
water  molecules  is  probably  greater  than  0.000,000,01  cm.,  and  probably 
less  than  0.000,000,1  cm.  At  100^  the  density  of  dry  steam  is  (say) 
0.0006  and  of  water  0.90.  Finally,  the  surface  tension  of  water  in  con- 
tact with  air  is  at  20°,  80  dynes  per  linear  centimeter.  At  100^  and  in 
contact  with  steam  the  surface  tension  will  be  considerably  less  than 
this,  but  the  datum  given  may  be  temporarily  admitted.  Hence  the 
excess  of  vapor  tension  at  a  convex  (molecular)  surface  of  the  diameter 
0.000,000,01  cm.  is  20  atmosi)heres,  and  the  corresponding  excess  at  a 
convex  (molecular)  surface  of  the  diameter  0.000,000,1  cm.  is  2  atmos- 


^It  is  customar}'  to  represeut  the  vohiiiie  of  a  given  inaHS  of  fluid  as  depending  on 
pressure  and  on  temperature  conjointly,  and  convenient  for  tlie  time  being  to  con- 
sider either  temperature  constant  (isothermals)  or  else  to  consider  pressure  constant 
(isopiostics). 
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pheres.  One  should,  therefore,  be  prepared  to  exert  about  10  atmos- 
pheres, in  order  to  condense  *  pure  dust-free  dry  steam  at  lOQo  C.  in  au 
ideal  vessel  of  the  kind  in  question.  When  the  necessary  pressure  has 
been  brought  to  bear,  the  steam  would  collapse  as  a  whole,  supposing, 
of  course,  that  temperature  never  exceeds  100°  C. 

If,  instead  of  pure  steam,  a  mixture  of  dust-free  air  and  dry  steam  be 
given,  the  phenomenon,  in  its  general  features,  would  retain  the  char- 
acter just  sketched;  for  here  also  there  is  an  absence  of  other  than 
molecular  nuclei.  In  one  respect,  however,  a  difference  is  manifest — 
when  the  condensation  pressure  is  exceeded,  the  steam  would  not  con- 
dense out  of  air,  as  a  whole,  for  the  case  is  now  virtually  one  of  solution. 
In  other  words,  the  interaction  of  air  and  steam  is  brought  into  play 
and  successively  increasing  pressures  correspond  to  successive  states 
of  chemical  equilibrium.  (Of.  Chapter  I  for  the  analogous  case  of  liquid 
solutions.) 

This  condition  of  things  changes  enormously  when  dust  is  introduced 
either  into  pure  steam  or  into  the  air  mixture.  If  the  diameters  of  the 
dusty  particles  were  only  one  hundred  times  as  large  as  the  smaller 
estimate  of  molecular  diameter  (10-*cm.) — i.  e.,  if  the  dust  particles  were 
only  one-millionth  of  a  centimeter  thick — they  would  already  reduce  the 
condensation  pressure  to  about  15  cm.  of  mercury.  Dust  particles,  1,000 
molecular  diameters  in  thickness,  would  reduce  it  to  about  1  or  2  cen- 
timeters.^ Moreover,  the  smaller  of  these  particles  (taking  their  density 
at  about  2)  would  fall  through  air  at  the  rate  of  less  than  0.000,0006 
cm.  per  second,  and  would  be  an  integrant  part  of  the  air.  Indeed, 
even  tlie  larger  dust  particles  (0.000,010  cm.  thick),  falling  at  the  rate 
of  0.000,00  cm.  per  second,  could  scarcely  be  separated  except  by  filtra- 
tion. The  marked  activity  of  very  fine  dust  (section  24)  is  thus 
accounted  for,  and  the  term  "dust- free"  air  is  to  be  used  with  caution. 

Instead  of  keeping  temperature  constant  and  studying  volume  in  its 
dependence  on  pressure,  the  latter  variable  may  be  kept  constant,  and 
volume  considered  in  its  dependence  on  temperature. 

'1  think  the  above  experiment  actually  feasible,  not  isothermally,  of  course,  but 
adiabatically.  If  it  is  pcrforued  it  must  lead  to  a  superior  limit  of  the  absolute  size 
of  the  molecule,  either  of  liquid  water  or  of  any  other  liquid  similary  treated.  From 
this  point  of  view  such  a  researcli  seems  to  mo  to  be  of  unusual  interest,  and  it  may 
well  be  included  as  a  part  Of  my  problem. 

A^aiu,  in  the  case  of  freezing,  the  volume  lag  can  actually  be  measured,  as  I  showed 
in  the  Am.  Jour,  of  Sci.,  XLii,  p.  125,  1891.  lu  terms  of  Van't  I lofTs  analogy,  volume 
lag  expressed  m  atmospheres  wouhl  be  the  increase  ot  osmotic  pressure  at  a  convex 
molecular  surface.  Hence  a  reason  is  given  by  Thomson's  equation  for  the  under- 
cooling of  iKinids,  and  the  absolute  molecular  dimension  of  a  solid  molecule  is 
defined  in  terms  of  known  variables  and  the  surface  tension  of  the  solid,  a  quantity 
which  has  alrea4ly  been  lecoginzed  in  Auerbach's  researches  on  hardness  (Wied. 
Ann  ,  xi.iii,  p.  (U,  1891,  Cf.  p.  94).  Thus  a  scheiue  for  the  absolute  measurement  of 
solid  and  liquid  molecular  dimensions  is  suggested. 

*Theso  numbers  would  l)c  smaller  if  the  temperature  correction  for  surface  tension 
were  applied.  These  pressure  dilierences  or  their  equivalent  temperatures  are  to  be 
expected  in  steam  Jets. 
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The  inferences  are  necessarily  identical,  remembering  that  an  increase 
of  pressure  corresponds  in  its  effects  ou  volume  to  a  decrease  of  tem- 
perature. Practically,  the  methods  are  more  complicated.  The  only 
way  of  i)roducing  the  condensation  in  question  is  some  form  of  adia- 
batic  cooling,  so  that  pressure  and  temperature  are  varied  simultane- 
ously. But  the  efifects  may  nevertheless  be  treated  with  reference  to 
the  elementary  cases  specified. 

It  is  now  in  place  to  endeavor  to  apply  these  preliminaries  to  the 
actual  case  of  the  steam  jet.  I  have  worked  this  out  at  length,  but, 
without  more  detailed  experiments,  I  am  loth  to  communicate  it.  A 
brief  mention  of  the  method  pursued  will  here  suffice.  It  consists 
essentially  in  a  comparison  of  the  vapor  tension  at  the  convex  surface 
of  the  globule  of  water  and  that  of  the  supersaturated  steam  imme- 
diately surrounding  it. 

If  while  the  particle  is  growing  there  were  no  change  of  its  tempera- 
ture, nor  the  pressure  of  the  surrounding  medium,  then  the  vapor 
tension  at  the  convex  surface  would  continually  decrease  as  the  size 
increases.  Actually,  however,  the  particle  is  being  heated  by  the  con- 
densation  of  the  wat«r  which  promotes  its  growth.  The  case  is  there- 
fore not  excluded,  that  a  particle  increasing  in  size  will  show  increasing 
vapor  tension  at  its  convex  surface,  more  markedly  so  in  proportion  as 
the  number  of  active  dust  particles  per  unit  of  volume  is  greater.  But 
this  is  rather  beyond  the  limits  set  for  the  present  considerations.  It 
is  necessary,  however,  that  at  the  outset  the  tension  at  the  surface  of 
the  globule  be  virtually  less  than  the  tension  of  the  suiiersaturated 
medium,  supposing  the  phenomenon  to  be  looked  at  by  the  above 
isothermal  method. 

Now  the  full  growth  of  the  particle  is  attained  in  an  incredibly  short 
space  of  time,  probably  in  very  much  less  than  the  hundredth  of  a 
second;  whereas,  when  fully  grown,  it  persists  under  the  given  condi- 
tions, without  change  of  size,  for  an  incredibly  long  time,  certainly 
many  seconds.  Section  23.  Hence  the  medium  around  the  particle, 
losing  volume  in  virtue  of  condensation,  expands  adiabatically. 

Tims  I  derive  two  descrii)tive  equations  or  curves,  one  expressing 
the  tension  at  the  surface  of  the  particle  in  terms  of  its  size,  and  the 
other  the  tension  of  the  immedmte  neighborhood  referred  to  the  same 
size.  If  these  curves  did  not  intersect  the  particle  would  continue  to 
grow  forever.  But  if  they  do  intersect,  then  there  is  a  point  at  which 
the  initially  smaller  vapor  tension  at  the  surface  of  the  particle  is  equal 
to  that  of  the  immediate  medium,  and  beyond  which  (size  increasing) 
the  vapor  tension  at  the  surface  would  exceed  that  of  the  medium. 
This  point,  therefore,  fixes  the  dimension  of  the  particle  stable  under 
the  conditions  for  which  the  curves  were  drawn. 

These  principles  contain  an  easy  working  hypothesis  for  the  construction 
of  a  homogeneous  theory  of  the  above  condensation  phenomena.  It  there- 
fore scarcely  seems  worth  while  to  offer  further  comments  until  the  whole 
question  has  been  subjected  quantitatively  to  a  minute  investigation. 


CHAPTER  III. 

COLORBD  CLOTn>T  CONDENSATION  AJS  DEPENDING  ON  AIR 
TBBSPERATURE  ANB  DUST  CONTENTS,  WITH  A  VIE'W  TO  DUST 
COUNTINa 

28.  Introductory. — ^Mr.  John  Aitken^  who  has  pioneered  the  meteor- 
ology of  dust  to  a  x)oiut  of  formidable  importance,  describes  two  distinct 
forms  of  apparatus  for  the  quantitative  measurement  of  the  dust  con- 
tents of  atmospheric  air.  Tbe  first  of  these  is  his  well-known  ^^  dust 
counter."^  It  has  been  widely  used,  both  by  himself  and  others,  and 
needs  no  comment  here.  Its  trustworthiness  seems  assured,  both  in 
view  of  the  elementary  principles  on  which  it  is  directly  based  and  of 
the  consistency  of  the  results  obtained.  In  one  respect  this  dust 
counter  is  unique,  lor  it  probably  takes  account  of  all  the  particles, 
large  or  small,  present  in  the  given  volume  of  air.  At  least  it  does 
not  overlook  the  larger  particles.  In  indirect  dust  counters  (Mr. 
Aitken's  "koniscope'^  and  the  apparatus  of  the  present  paper  being 
referred  to)  only  a  certain  range  of  dimensions  of  water  globules  is 
visible,  and  it  does  not  follow  that  all  the  dust  present  is  contained 
in  the  optically  active  corpuscles.  The  restricted  use  of  koniscopes  is 
not  necessarily  a  disadvantage;  for  the  particles  counted  may  be  the 
very  ones  of  interest.  Indeed  the  whole  question  resolves  itself  into 
the  character  of  the  problem  to  be  answered. 

At  the  outset,  therefore,  it  does  not  seem  obvious  that  the  indications 
of  the  two  classes  of  instruments  need  necessarily  be  identical,  and  a 
calibration  of  one  in  terms  of  the  other  is  to  be  made  cautiously,  so 
long  as  certain  grades  of  dust  are  optically  less  active  than  others. 

In  the  "koniscope"  Mr.  Aitken*  has  endeavored  to  express  the 
dust  contents  of  a  given  sample  of  air  in  terms  of  the  color,  or  of  the 
intensity  of  color,  or  of  the  amount  of  exhaustion  necessary  to  produce 
a  given  color,  when  the  cloudy  condensation  is  produced  by  sudden 
expansion  of  the  gas  in  a  suitable  tube,  containing  enough  moisture  to 
saturate  the  air.  The  importance  of  temi)erature  is  pointed  out,  but 
not  evaluated.  Mr.  Aitken  prefers  to  make  the  estimation  in  terms  of 
tbe  color  intensity  of  the  blue,  and  the  apparatus  is  graduated  by  com- 
paring it  with  the  direct  dust  counter.    Based  as  this  apparatus  is  on 


'Aitkeu:  TraoB.  Roy.  6oc.  Edin.,  xxxv,  part  1,  1888;  ibid.,  xxxvri,  part  1,  No. 
3,  1892;  I*roc.  Roy.  Soc.  Eain.,  xvi,  p.  13d,  1889  ^containing  full  descriptions);  il>id., 
XVIII,  p.  259, 1890-91;  Nature:  xxxvii,  p.  428,  1888;  ibid.,  xli,  p.  394, 1890;  ibid., 
xuv,  p.  279,  1891;  ibid.,  XLV,  p.  299,  1892,  and  elsewhere. 

<Aitkon:  Proc.  Roy.  6oc.  Edin.,  u,  p.  425,  et  seq.,  1892. 
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color  discrimiDations,  it  is  not  adapted  to  give  more  than  a  few  steps 
of  dustiness,  and  Mr.  Aitken  chiefly  recommends  it  for  qualitative 
purposes — such,  for  instance,  as  may  present  themselves  in  sanitary 
work. 

29.  The  present  method. — During  the  course  of  my  experiments  on  the 
thermal  distribution  in  steam  jets,  I  had  frequent  occasion  to  note  the 
actuating  steam  pressure  at  which  the  intense  blue- violet  field  of  my 
color  tube  merges  into  opaque,  eventually  to  reappear  (pressure  increas- 
ing) as  an  orange-brown  field  of  the  first  order.  It  struck  me  that 
here  was  a  sufficiently  sharp  criterion  for  fixing  a  value  of  pressure 
depending  in  the  given  apparatus  only  on  the  temperature  and  tbe 
dust  contents  of  the  inflowing  air.  In  other  words,  for  a  given  kind 
of  air  and  at  a  given  temperature,  there  are  two  well-defined  pressures 
at  which  color  (blue  and  yellow)  vanishes  into  blackness.  If  the  kind 
of  air  remains  the  same  while  its  temperature  varies,  the  paired  values 
of  pressure  will  also  vary  markedly,  so  that  the  margins  of  the  opaque 
field  may  be  mapped  out  in  a  diagram  in  which  pressure  is  expressed 
in  its  dependence  on  temiierature.  It  is  the  chief  purpose  of  the  pres- 
ent paper  to  show  the  character  of  this  diagram,  and  to  indicate  the 
manner  in  which  the  i>ositions  of  the  loci  vary  when  the  dust  contents 
of  the  inflowing  air  are  also-  varied.  Incidentally  I  will  endeavor  to 
ascertain  the  more  immediate  cause  of  the  opaque  field,  and  to  see 
whether  the  water  molecules  may  not  themselves  become  nuclei  of  con- 
densation.   Section  42. 

30.  Color  apparatus. — A  full  account  of  the  necessary  apparatus  is 
given  in  fig.  14,  where  the  color  tube  is  shown  at  A  A,  and  the  method 
of  varying  the  temperature  and  dustiness  of  the  inflowing  air  is  shown 
at  ii/\  1>,  F.  The  color  tube  is  identical  in  form  with  the  apparatus 
described  in  Chapter  II,  section  15.^  I  need  only  to  call  to  mind  here 
that  the  steam  issues  at  the  jetj,  from  a  nozzle  about  O.lCcm.  (one-six- 
teenth of  an  inch)  in  diameter,  and  that  the  tube  A  A  is  about  50  to  60 
cm.  long,  and,  in  common  with  the  air  hole  (7,  about  5  cm.  (2  inches)  in 
diameter.  The  glass  plates  g  and  a  are  kept  clear  by  moistening  with 
a  solution  of  caustic  potash,  and  the  mirror  Jf  reflects  sky  light  through 
the  tube.  Mixed  steam  and  air  escape  at  B,  and  i)rovision  is  made  (not 
shown)  for  screening  ott*  extraneous  light  from  </,  the  window  through 
which  the  color  observations  are  made. 

The  two  essential  appurtenances  are  the  thermometer  /,  to  register 
the  tenii>erature  of  the  inflowing  air  at  0,  and  the  open  mercury  manom- 
eter (not  shown),  by  which  the  pressure  of  the  steam  entering  the  jet  / 
is  measured.  Inasmuch  as  a  mercury  thermometer  is  not  very  quick 
in  its  indications,  the  air  at  a  given  temperature  must  be  allowed  to 
pass  over  the  bulb  of  t  for  some  time  before  the  record  is  taken. 

The  steam  used  was  generated  in  a  copper  globe  about  25  cm.  in 
diameter  and  provided  with  a  water  gauge  and  a  steam  gauge.    The 

» liarim:  Am.  Moteo.  Jour.,  ix,  p.  488,  18U3. 
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vessel  is  he^ited  by  a  large  ring  burner  *  and  is  strong  enough  to  with- 
stand, say,  10  atmospheres,  though  in  the  present  work  pressures  below 
2  atmospheres  fully  suffice. 

G  and  H  are  forms  of  air  filters,  to  be  described  in  section  41. 


31.  Influx  tubes. — The   air  entering  C  is  taken  out  of  the  atmos 
phere,  the  three  influx  tubes  A\  7>,  F  passing  through  the  window  frame 

'  ThiB  appuratiiB  iwod  for  other  ]>nri)o8«>8  ia   hIiowii   in    MuUetiii   TiiitiMl    States 
Geological  Survey,  No.  M,  p.  60,  1889. 
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W  W  and  opening  intjo  the  air  on  the  ontside,  as  shown  at  &,  c,  d. 
Valves  are  inserted  into  each  of  these  tubes  at  e,  /,  A,  so  that  the 
quantity  of  air  passing  through  any  one  of  them  may  be  regulated  or 
even  quit^  shut  off.  In  the  winter,  when  the  valves  are  open,  the  air 
rushes  through  the  tubes  with  considerable  velocity,  even  when  the 
jet^*  is  not  in  action.  This  velocity  increases  with  the  steam  pressure 
actuating  tjie  jet,  but  can  be  regulated  by  shutting  off  the  valves  e,  /J  h 
partially. 

The  tube  U  is  clear,  and  the  air  passing  through  it  has  the  tempera- 
ture of  the  atmosphere.  The  tube  B  discharges  into  U  and  is  provided 
with  a  drum,  containing  a  coil  of  thin  lead  pipe  of  about  0.6  cm.  (one- 
fourth  inch)  caliber.  About  twenty  turns  of  pipe,  each  somewhat  less 
than  5  cm.  in  diameter,  in  a  drum  35  cm.  long  and  somewhat  less  than 
10  cm.  in  diameter,  are  more  than  sufficient.  In  the  winter  time  steam  is 
passed  through  the  lead  pipe.  Hence  by  suitably  regulating  the  valves 
h  and/,  the  air  flowing  through  C  may  be  kept  at  any  desirable  tem- 
perature; and,  as  temperatures  between  9^  and  40°  only  are  needed  for 
the  present  purposes,  this  arrangement  is  quite  satisfactory.  In  the 
summer  time  chilled  brine  or  an  expanding  gas  circulating  through  the 
coil  will  probably  be  serviceable. 

The  tube  F  also  discharges  into  U,  and  is  useful  for  increasing  the  dust 
contents  of  the  air  entering  0.  For  this  purpose  a  little  closed  basket 
of  wire  gauze  attached  to  a  wire  passing  through  a  perforated  cork, 
is  inserted  into  the  aperture  A:,  as  shown  in  the  figure.  A  piece  of 
phosphorus  is  put  into  the  basket.  The  dusty  exhalation  of  a  freshly 
cut  surface  of  phosphorus  is  almost  nil  at  0^  C,  but  increases  with  great 
rapidity  when  the  temperature  rises.  Section  11.  At  any  given  tem- 
perature above  15^  its  dust  supply  is  nearly  constant  for  a  long  period 
of  time  (hours) ;  hence  its  availability  in  the  present  work,  unless  the 
weather  is  very  cold.  Fortunately  cold  temperatures  can  usually  be 
dispensed  with  when  artificially  dusty  air  is  examined. 

It  is  to  be  noted  that  all  the  tubes  JRj  /),  F  must  pass  out  of  the 
room.  If,  for  instance,  b  opened  into  the  room  (which  would  often  be 
desirable,  for  the  reasons  just  mentioned),  then,  if  the  jet  is  not  in  action 
or  only  slightly  in  action,  cold  air  would  pass  into  C  and  D  and  out  at 
b  as  well  as  at  B  into  the  room.  At  low  steam  pressure  the  flow  of 
dusty  air  would,  therefore,  necessarily  be  irregular.  An  advantage  is 
secured  by  making  the  common  tube  i  C  long,  so  that  the  air  may  be 
well  mixed  before  impinging  upon  the  jet.  At  best,  however,  air 
dusted  in  this  way  is  an  inferior  substitute  for  atmospheric  air,  and 
the  results  show  much  more  fluctuation.  Each  of  the  valves,  //,/,  e 
is  provided  with  a  suitable  dial  and  an  index.  The  valve  e  must  be 
free  from  leaks.  It  is  best,  moreover,  when  atmospheric  air  is  examined, 
to  remove  the  basket  k  altogether,  and  to  close  the  hole  with  a  cork. 
The  hole  through  which  F  discharges  into  F  need  not  be  more  than  0.5 
cm.  (one- fourth  inch,  say)  in  diameter,  and  it  is  advisable  to  carry  it  into 
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the  axis  of  E  by  aid  of  a  glass  tube.  The  whole  train  of  tubes  is  easily 
made  of  ordinary  tinned  drain  pipe  and  suitable  elbows.  To  sum- 
marize, the  faint  phosphorescent  glow  visible  on  phosphorus  in  the 
dark  is  a  nearly  permanent  dust  producer.  This  phosphorus-tainted 
air,  discharged  through  a  one-fourth  inch  to  one-eighth  inch  tube  into 
the  2-inch  tube  of  pure  air,  usually  produces  persistent  color  effects 
at  ordinary  tem])eratures.  Thus  the  dilution  is  less  than  one  one- 
hundredth'. 

32.  Errors, — A. few  remarks  on  the  shortcomings  of  the  apparatus 
may  be  made  here.  It  is  clear,  in  the  first  place,  that  the  temperature 
of  the  air  entering  C  will  vary  with  the  intensity  of  the  jet — i.  e.,  the 
velocity  of  current — even  if  the  other  adjustments  remain  unaltered; 
for  the  more  rapidly  the  air  passes  through  the  drum  D  the  less  it  is 
heated.  This,  however,  is  no  serious  inconvenience  since  temperature 
is  measured  at  t. 

Similarly  the  amount  of  dust  introduced  into  the  air  will  (probably) 
depend  on  the  rate  at  which  the  current  passes  the  basket  at  Tc,  Hence 
at  great  jet  intensities  the  air  will  be  less  dusty  than  for  small  intensi- 
ties. I  have  found  no  easy  way  by  which  this  discrepancy  can  be  eval- 
uated, and  my  experiments  with  artiiicially  dusted  air  are  intended 
rather  to  show  the  character  of  the  dust  variation  than  to  map  out  pre- 
cise loci.  Sections  38-40.  Fortunately  the  dust  effect  is  so  striking 
that  there  is  no  possibility  of  misinterpretation.  Experiments  which  1 
made  by  introducing  dust  with  jet  pumps  and  aspirators  showed  no 
advantages.  To  vary  the  dust  contents  uniformly  at  all  jet  pressures 
the  mouths  c,  d  of  the  air  tubes  must  be  introduced  into  a  large  arti- 
ficially dusted  room,  instead  of  the  atmosphere.  But  this  method  also 
presents  grave  difficulties.  The  final  resort  seems  to  be  to  examine  the 
atmosphere  at  different  times  and  in  different  places,  or  to  construct 
apparatus  for  the  rapid  filtration  of  air.    Sections  41,  42. 

One  serious  theoretical  question  may  be  referred  to  here.  It  is  neces- 
sary that  at  all  steam  pressures  the  amount  of  air  entering  (7  should  be 
nearly  proportioned  to  the  amount  of  issuing  steam.  !No  doubt  this  is 
nearly  the  case;  for  not  only  do  the  air  and  steam  currents  increase 
and  decrease  together,  bnt  the  air  is  admitted  in  excess  of  the  quantity 
necessary  to  produce  condensation  at  the  supersaturated  parts  of  the 
jet,  and  it  is  to  this  condensation  that  the  color  indications  apply.  If 
the  valve  e  be  closed  and  the  valves  /  ^nd  h  all  but  closed,  the  pres- 
sures at  which  the  margin  of  the  opaque  zone  appears  from  blue 
increases;  but  the  tempei^ature  registered  at  t  also  increases  at  even  a 
greater  relative  rate,  so  that  the  apparent  effect  is  curiously  enough 
rather  an  excess  than  a  deficiency  of  dust.    Section  40. 

I  infer  from  this  that  in  the  work  below  the  air  is  always  admitted  in 
quantity  sufficient  to  produce  its  maximum  dust  efiect.  To  test  this 
question  preliminarily,  I  replaced  the  0.16  cm.  nozzle  by  another  0.09 
cm.  in  diameter,  and  thus  (ca^t.  par.)  only  discharging  one-third  as 
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much  steam  as  the  former.  The  new  results  virtually  coincided  with 
the  old  (section  42);  and  hence,  though  the  relations  below  were 
obtained  from  a  given  apparatus,  they  are  probably  true  generally  ^ 
so  long  as  the  indowing  air  exceeds  a  certain  minimum  quantity.  A 
full  discussion  of  all  these  points  will  be  in  order  after  the  laws  relating 
to  steam  pressure,  air  temperature,  and  color  have  been  fully  exhib- 
ited. I  will  then  show  (sections  44-45)  to  what  extent  each  jet  pos- 
sesses special  hydraulic  prop- 
erties, depending  on  the  de- 
gree of  smoothness  of  bore. 

The  fact  that  pin-hole'  jets 
are  quite  sufficient  makes  the 
practical  construction  of  the 
apparatus,  fig.  14,  on  a  small 
scale  an  easy  possibility.  A 
globular  copper  boiler  5  inches 
in  diameter,  and  a  sensitive 
steam  gauge  with  a  capacity 
of  less  than  15  pounds,  are 
available  for  generating  the 
steam  and  recording  pressure. 
33.  Results.  Xormal  at- 
mosphere, —  The  results  in 
hand  are  necessarily  in  very 
great  number,  for  the  case  is 
one  in  which  the  observer  has 
to  construct  the  mean  value 
or  path,  when  the  observa- 
tions themselves  are  unavoid- 
ably discrepant.  It  will, 
therefore,  be  expedient  to 
avoid  cumbersome  tables,  by 
expressing  all  the  data  graph- 
ically. An  ulterior  advantage 
is  gained  in  this  way,  inas- 
much as  the  broad  features 
of  the  phenomena  are  at  once 
evident  to  the  eye. 

In  the  chart,  fig.  15  (and  in 
all  succeeding  charts),  the  abscissas  indicate  the  temperature,  in  degrees 
C,  of  the  air  entering  the  color  tube  at  C  (fig.  14);  or,  in  other  words, 
the  registry  of  the  thermometer  t.  The  ordiuates  show  the  pressures 
in  cm.  of  mercury  under  which  the  steam  is  forced  out  of  the  jet.    The 


Fio.  15. — Chart-  showing  the  margins  of  the  opaque 
field  in  terms  of  the  actuating  steam  pressure  and  tlie  air 
I'cmperature. 


'It  win  bo  expedient  to  consider  the  RmaU  differential  effect  of  variations  of  the 
barometer,  and  the  tendency  of  the  pressure  (blue  opaque)  to  fall  with  the  time  of 
ertiux,  elsewhere. 
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points  of  the  curve  between  0  and  about  40  cm.  then  show  the  cor- 
responding values  of  air  temperature  and  steam  pressure,  at  which  the 
blue- violet  (first  order)  field  seen  in  the  color  tube  merges  into  opaque. 
Tlie  points  of  the  curve  lying  quite  above  40  cm.  show  the  conditions  at 
which  the  brown  yellows  of  the  first  order  just  emerge  from  the  opaque. 
Curves  indicating  the  approximate  loci  are  drawn  through  the  points. 

Below  about  Oo  C,  therefore,  the  field  is  opaque  at  all  pressures. 
Above  90,  the  pressure  at  which  blue  changes  into  opaque  rapidly 
increases  with  increasing  temperature;  and  the  pressure  at  which 
brown  yellow  changes  to  opa<iue  decreases  from  an  enormous  value, 
and  at  even  a  more  rapid 
rate,  as  temperature  in- 
creases. Both  loci,  curving 
at  a  gradually  retarded  rate, 
eventually  reach  a  common 
asymptote  at  about  41  cm. 
(temperature  being  indefi- 
nitely high).  At  the  same 
time  the  colors  Avhichwere 
very  intense  at  the  lower 
temperature  gradually  be- 
come fainter  and  the  opaque 
zone  more  translucent,  until, 
at  about  40°  of  air  tempera- 
ture (depending  on  the  size 
of  the  nozzle,  secticm  42), 
the  field  is  clear  and  with- 
out color.  The  escaping 
steam  is  gaseous  and  not 
visibly  condensed.  When 
temi)erature  decreases  again 
from  40^,  white  yellow  is  the 
first  color  to  appear,  showing 
that  the  particles  here  must  be  the  smallCvSt  of  the  whole  series.  At 
3.>^  the  change  from  faint  yellowish  tones  to  faint  white  blues,  when 
pressure  is  made  to  vary  suital)ly  (see  chart)  from  larger  to  smaller 
values,  is  quite  marked.  There  is  no  opaque  demarcation,  however, 
but  rather  a  mixture  of  colors,  for  the  opaque  field  is  hardly  impervious 
to  light  above  30^.  Indeed,  one  often  notices  a  brownish  field  surround- 
ing the  jet,  on  a  violet-bluish  ground. 

For  all  temperatures  an<l  pressures  lying  to  the  left  of  the  two  curves 
the  field  is  opaque,  and  it  sends  oft*  a  kind  of  cusp  to  penetrate  into 
higher  temperatures.  There  is  a  characteristic  ditt'erence  b(»tween  the 
contours  of  the  two  margins;  for,  whereas  yellow-opaque  after  a  sharp 
infle<'tion  shoots  uj)  almost  vertically,  blue-opa(|ue  shows  a  regular 
change  of  curvature  throughout. 


Fici.  16.— Chart  Hhowing  the  margins  of  th«  opaque  ileld 
ill  tenus  of  the  actuating  steam  presHure  and  tlie  air  tern- 
peratare. 
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At  about  130  in  the  chart,  I  have  inscribed  the  approximate  positions 
of  the  successive  interference  colors,^  indicating  their  positions  by  a 
cross.  This  can  not  be  nearly  so  well  done  as  the  location  of  the  opaque 
margin,  and,  as  the  colors  are  of  smaller  interest  in  the  present  chapter, 
I  will  jiot  enter  into  the  subject  further.  The  contour  of  the  successive 
color  curves  is  easily  surmised  from  the  line  for  blue  opaque.    Similarly 

above  theyellow  opaqueline, 
a  family  of  browns,  oranges, 
and  yellows  may  be  located. 
When  the  dust  contents 
are  increased,  the  margin  of 
the  opaque  field  approaches 
the  abscissa,  and  hence  the 
color  loci  will  be  successive- 
ly more  crowded  together. 

In  the  chart,  hg.  15,  only 
a  single  air  tube  (7>,  fig.  14) 
was  available.  The  air  was 
heated  to  about  40°  by  the 
circulating  steam .  Th  is  was 
then  shut  off  and  the  tem- 
perature and  pressure  at 
which  the  colors  disappeared 
noted  on  cooling.  The  mer- 
cury thermometer  is  scarcely 
sensitive  enough  for  such 
observations,  and  the  tem- 
peratures of  the  diagram  are 
probably  too  high.  I  have, 
therefore,  lumi)ed  all  my  ob- 
servations between  Febru- 
ary 10  and  23,  1893,  in  this 
chart,  seeing  that  the  phe- 
nomenon as  a  whole  is  well 
represented. 

34.  Further  data. — In  the 

following  work,  however,  the 

apparatus,  hg.  14,  Avas  used, 

with  the  phosphorus  tube  closed  up  and  the  phosi>liorns  removed. 

(ireat  care  was  taken  to  wait  for  stationary  temperatures,  and  about  five 

(or  more)  stei)S  between  10^  0.  and  40^  0.  were  selected  for  observation. 

The  first  set  of  experiments  was  made  on  February  23,  the  chart,* 


FiQ.  17.— Chart  Hh'^wiiig  the  niargiiiHof  the  0)mqiic  fifthl 
ill  terms  of  the  actuating;  RttMim  pn*s8iire  and  the  air 
temperature. 


'  JSeo  Chapter  II,  section  18. 

'^Tlie  observations  J" -f''  in  fig.  16  refer  to  filtered  air  and  wiU  bo  described  in  sec- 
tion 41. 
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fig.  16,  curve  A  being  obtained  in  the  morning  and  fig.  17  in  the 
afternoon.  The  day  was  cold,  with  snow  covering  the  ground.  The 
blae-opaque  curved,  fig.  16^  virtually  reproduces  fig.  16;  but  the  curve 
fig.  17  differs  from  it,  inasmuch  as  the  tangential  angles  in  the  latter 
case  are  steeper,  so  that  the  locus  is  less  carved  and  rises  higher  than 
in  figs.  16  or  16.  In  all  cases  yellow  opaque  lies  above  blue  opaque. 
I  was  at  first  inclined  to  refer  this  to  differences  of  the  vanishing  stand- 
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Flo.  18.— Chart  showing  the  margins  of  the  opaque  lield  iu  tonim  ol'  the 
actuating  stMim  pressure  and  the  air  temperature.. 

ard,  believing  the  two  curves  to  contain  consistent  observations,  but 
differing  from  each  other  for  reasons  purely  subjective.  Whether  or  not 
this  is  the  case  can  only  be  found  by  comparison  with  succeeding  series 
of  observations,  as  will  presently  be  seen.  Taking  the  observations  at 
their  face  value,  the  indication  is  less  dust  for  the  afternoon  than  for 
the  morning.  The  curve  P,  found  for  artificially  dusty  air,  will  be 
described  below.    ( Section  38. ) 
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35.  Further  data. — Tbe  next  series  of  observations  were  made  on 
February  27  (cloudy),  28  (rain),  and  on  March  2  (clear).  There  was  but 
little  difference  in  the  respective  loci  of  the  data,  except  that  on  the 
latter  day  the  asymptote  was  somewhat  below  the  position  for  the 
other  days  (see  chart,  fig.  18).  The  common  asymptote  takes  a  me^n 
position  (pressure,  p  =  43  cm.)  between  tiie  corresponding  values  of 
figs.  15  and  IG  {p  =  42  cm.)  and  fig.  17  (p  =  48  cm.). 

36.  Further  data. — On  March  3,  however  (see  fig.  19),  the  asymptote 
rose  again  to  the  value  of  about  p  -  ^  46  cm.  The  data  here  are  not  quite 
so  uniform  as  in  figs.  15-18,  but  the  locus  is  none  the  less  outspoken. 
The  weather  was  cloudy,  antedating  the  storm  of  March  4.    Two  series 

of  observations  were  made.  The 
prevailing  warm  weather  prevented 
my  iaking  observations  at  low  tem- 
peratures. These  new  results  in- 
duced me  to  conclude  that  the  obser- 
vations of  figs.  16  and  17  might  very 
well  correspond  to  different  states 
of  the  atmosphere. 

Finally,  fig.2()  contains  the  results 
of  March  6,  8,  and  10,  agreeing  in 
character  with  fig.  18;  while  during 
the  intermediate  date,  March  7,  the 
locus  fell  to  the  lower  position  shown 
in  fig.  21.  These  figures  as  a  whole 
at  least  afford  ai)parent  evidence  of 
the  oscillation  of  the  asymptote  with 
the  dust  contents  of  atmospheric 
air.  The  observed  interval  of  oscil- 
lation is  within  about  8  cm.  of  mer- 
cury pressure,  but  usually  much 
below  this. 

Fuj.  19.— Chart  show. up  the  lUHiginH  of  the        37.  (ivneral  chara<iter  of  theloci, — 
opa^uo  field  in  tonus  of  the  actuating  Ht«un    Keg^ming  the  remarks  of  sectiou  33, 

prcHsure  and  the  air  temiierature.  **  ' 

it  is  seen  that  when  the  asymptotes 
are  high  the  loci  as  a  whole  show  less  curvature  and  the  points  between 
2(P  and  30^  (j.  tend  to  fall  below  the  corresponding  points  for  low 
asymptotes.  I  have  endeavored  to  bring  the  whole  phenomenon  into 
a  convenient  equation,  in  which  temperature  and  dust  contents  might 
appear  as  two  variables  by  which  the  contours  (pressure)  of  the  margin 
of  the  opaque  field  (figs.  16  et  secj.)  are  conditioned.  The  invention  of 
a  single  form  in  which  both  the  blue- opaque  and  the  yellow-opaque 
margins  are  contained  is  more  <lifficult  than  the  fitting  of  a  sepaiat^e 
form  for  each  curve,  and  possibly  I  have  not  been  fully  successful  in 
any  case.  Cumbersome  equations,  or  such  as  lead  to  involved  compu- 
tations, are  of  little  interest  for  the  present  purposes,  where  the  object 
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sought  is  merely  a  terse  and  convenient  epitome  of  the  very  large 
number  of  isolated  observations  which  go  to  make  up  each  of  the  curves 
in  question. 

■ 

1  will  here  omit  the  earlier  hyperbolic  and  exponential  forms,  each  of 
which  brought  out  some  particular  feature  of  the  curves,  and  merely 
state  a  general  form  which  (all  things  considered)  probably  reproduces 
my  results  within  the  limits  of  error. 

Let  j)  be  the  steam  pressure  actuating  the  jet,  and  t  the  temperature 
of  the  air  into  which  the  jet  is  dis- 
charged, and  let  Aj  B^  0,  w  be  con- 
stants to  be  presently  discussed. 
Then 

t^A  10  (i'-^)'*  ....  (1) 

• 

The  quantity  {p-B)  in  (1)  is  al- 
ways to  be  taken  as  a  numeric — 
i.  e.,  positively— otherwise  imagin- 
ary results  are  encountered.  Sup- 
l)ose,  now,  this  ecpation  is  tested  by 
the  data  of  fig.  18,  as  these  fairly 
represent  a  mean  case     Then 

I?  =  0,  <  =  A  =  9,  by  observation  5 

p  =  B,  t=  <Xj  or  B  =  43,  the 
height  of  the  asymptote  above  the 
abscissa; 

y;  =  X  ,  f  =  X  . 

Hence  the  yellow-opaque  margin, 
lying  quite  above  2?  =  7i  =  43,  cor- 
responds directly  to  equation  (1); 
whereas  the  blue  opaque  margin, 
lying  quite  below  jj  =  J5  =  43,  corre- 
sponds to  (1)  with  ( p-B)  replaced  by 
{B-p).  Furthermore,  while  in  the 
yellow  opaque  branch  j)  increases 
from  43  cm,  to  x  ,  <  passes  through 
a  minimum  value.  It  is  therefore 
necessary  to  inquire  the  position  an<l 
character  of  this  singular  point. 
Let  e<iuation  (1)  be  difterentiatcd,  remembering  that  t  =  0  corresponds 
to  j;  =  — X  .  and  therefore  does  not  enter  the  i)resent  problem,  and  that 
B^p  has  already  been  disposed  of.  Then  the  pressure  j)  ..n  <*<>rre- 
8jK)nding  to  the  minimum  temx)erature  <„,  in  question,  is  found  to  be 

_    B 

and  the  somewhat  more  involved  expression  of  t^x  is  found  from  cMiua- 
tion  (1). 


Fias.  2U  aud  21.— OiHrla  Hbowiii^  the  niar^iiiH 
of  the  opa4[uo  field  in  tenuHof  the  actuating  ntcaiu 
pressure  and  the  air  temperature. 
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Witb  these  preliminaries,  the  remaiDing  constants  0  and  n  are  then 
easily  enough,  though  somewhat  tediously,  obtained  from  the  observa- 
tions making  up  fig.  18,  by  trial.    The  results  are  as  follows: 

Table  4.—  CoinpuUd  margin  of  the  opaque  field,    ^  =  A  10  (i>— -S)" 

A  =  9;  C=z  0.013;  n  =  0,35;  B  =  43. 
[Steani-preBSures,  p,  in  ccDtinietera  of  mercury;  air  temperaturefi,  f,  iii  degrees  C] 


Blae  opaq  no. 

Yellow 

opaque. 

j»  --  0  cm. 

t  ^-.  9.0O 

1 

=^  43  cm. 

t=     -■}-   od'^ 

-       -    -    1 

lU 

0.8 

1 

44 

1 
33.6 

20 

11.0 

47 

21.4 

30 

13.0 

50 

10.2 

40 

20.3 

'66.2 

•17.4 

42 

3J.0 

1 

70 

17.4 

42.8 

85.3 

90 

18.1 

43 

-i-     00 

imi 

iMiD 

im. 

This  curve,  equation  (1),  has  been  inscribed  in  fig.  18,  to  show  the 
grouping  of  the  observations  around  it.  The  minimum  is  marked  at 
a  (f,„  =  17.40c., |?ni  =  ^>6.-  cm.).  Throughout  the  extent  of  the  figure 
it  unites  two  sufficiently  flat  curves  to  fairly  represent  the  observations; 
for  this  part  of  the  margin,  from  its  exceedingly  steep  ascent,  can  not 
be  traced  with  precision. 

As  a  whole,  therefore,  equation  (1)  has  reproduced  the  complete  phe- 
nomenon surprisingly  well,  both  as  regards  the  blue  opaque  (A  B)  and 
the  yellow  opaque  (B  C)  margin  of  the  opaque  field.  No  doubt  better 
agreement  could  be  had  on  further  trial,  particularly  by  varying  the 
point  of  intersection  with  the  abscissa  t  :==  A.  I  shall  not,  however, 
do  this  here,  since  in  the  present  paper  the  chief  datum  is  the  height 
of  the  common  asymptote  {p  =.  B)  above  the  abscissa.  It  is  this 
parameter  which  expresses  the  dust  contents  of  the  air,  and  which 
fortunately  may  be  obtained  without  computation  by  the  direct  obser- 
vations presently  to  be  more  fully  specified. 

38.  Artificially  dusty  atmospheres, — To  interpret  the  above  data  it  is 
necessary  to  increase  the  dust  contents  of  the  normal  atmosphere  arti- 
ficially, utilizing  the  tube  J^,  fig.  14,  containing  phosphorus.  The 
results  for  this  case  are  not  without  complexity,  but  the  character  of  the 
effect  produced  is  obvious  at  once — it  takes  but  a  trace  of  phosphorus- 
tainted  air  to  make  the  field  permanently  opaque  at  all  pressures  and 
temperatures  not  unreasonably  high.  In  other  words,  the  tendency 
is  to  drop  the  blue-opaque  curve  of  the  above  figs.  15  to  21,  into  coinci- 
dence with  the  abscissa.  One  would  surmise  that  at  least  the  asymp- 
totic  portion  of  the  yellow-opaque  curve  would  likewise  drop  to  the 
abscissa,  and  this  is  actually  the  case,  as  will  be  shown  presently.  By 
allowing  the  discharge  from  F  to  take  place  into  E  through  a  glass 
tube,  only  0.6  cm.  (less  than  one-fourth  inch)  in  diameter,  while  the  air 
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tube  C  is  fully  2  inches  in  diameter,  I  was  able  to  dust  the  air  suffi- 
ciently to  obtain  at  least  the  approximate  contours  of  the  corresponding 
relation  of  steam  pressure  and  air  tem]>eratui'e.  The  data  are  inscribed 
in  fig.  17,  and  together  they  make  up  the  curve  P  near  the  axis  of 
temperature.  Thus  the  striking  potency  of  even  traces  of  dust  is  well 
exhibited. 

Cleai-ly  the  rudimentary  curve  P  is  a  member  of  the  same  family  to 
which  A  B  belongs,  and  it  is  therefore  obvious  that  the  whole  vertical 
distance  between  B  and  the  abscissa  is  a  region  of  temperature  and 
pressure  loci,  each  of  which  corresi)onds  to  a  particular  value  of  dusti- 
ness. Since,  therefore,  the  accuracy  with  which  the  point  can  be  located 
at  any  (mean)  temperature  is  about  1  cm.,  the  apparatus  ought  to  regis- 
ter about  40^  of  dust  contents  between  normal  atmospheric  air  and  the 
ailificial  mixture  stated.  On  this  scale  the  variation  of  the  dust  con- 
tents of  normal  air  lies  in  the  interval  between  40  cm.  and  50  cm.  of 
mercury,  remembering  that  the  height  of  the  asymptote  (virtually 
reached  at  28°  to  30°)  is  taken  for  registry. 

39.  Cold  and  tcarm  phosphorus. — To  bring  out  the  conditions  more 
fully,  however,  it  is  necessary  to  make  supplementary  tests  both  with 
phosphorus  and  with  filtered  air. 

If  the  basket  of  phosphorus  is  placed  in  the  tube  U  (fig.  14),  near  its 
mouth  <?,  where  the  air  temperature  (in  winter)  is  near  the  freezing 
point,  no  eflfect  is  produced.  Thus  at  21^  to  22°  the  blue-opaque  mar- 
gin was  at  41  to  42  cm.,  showing  that  the  oxidation  at  zero  is  relatively 
negligible  in  spite  of  the  current  of  air. 

If,  however,  the  same  phosphorus  be  placed  in  the  tube  U  C,  at  i, 
somewhere  between  the  point  of  confluence  and  the  color  tube,  and 
where  the  temperature  is,  say,  20°,  then  it  is  actually  possible  to  obtain 
the  yellow  of  the  first  order  at  steam  pressures  less  than  1  cm.  Thus 
at  190  the  yellow-opaque  margin  was  at  1.2  cm.,  and  the  color  persisted 
with  increasing  brilliancy  at  all  pressures  above  this. 

For  temperatures  greater  than  20°,  the  tube  is  yellow  at  all  pres- 
sures, until  eventually  above  35°  all  color  vanishes  for  want  of  super- 
saturation. 

For  temperatures  below  20°,  the  tendency  is  to  produce  opaque  fields. 
Thus  at  150  the  tube  is  opaque  at  all  pressures  above  a  few  millimeters. 

The  explanation  of  this  somewhat  puzzling  behavior  is  this:  At  any 
given  admissible  temperature  the  effect  of  phosphorous  dust  is  a  change 
of  the  color  of  the  field  in  the  direction  from  blue  through  opaque  to 
yellow  in  proportion  as  more  dust  is  added.  Again,  the  dust  contents 
of  the  air  passing  over  a  given  lump  of  phosphorus  decreases  both 
with  the  rapidity  of  the  current  and  with  the  degree  of  cold.  Ilencje 
at  higher,  temperatures  than  20  o  brilliant  brown-yellow  fields  are  the 
usual  occurrence  when  the  phosphorus  lies  in  the  air  tube  C.  If  with- 
drawn from  the  air  tube  and  so  circumstanced  that  its  exhalation  is 
diluted  with  much  air  (tubei^,  fig.  14),  then  any  color  maybe  produced, 
depending  on  the  degree  of  dilution.    On  the  other  hand,  below  20  0  the 
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oxidation  takes  place  more  and  more  slowly,  so  that  only  very  gentle 
currents  of  air  can  carry  off  enough  dust  to  produce  a  yellow  field.  For 
strong  currents  in  C  there  is  a  double  source  of  dilution,  and  opa(]ue 
fields  are  the  rule.  In  other  words,  the  air  now  approaches  the  state 
A  B  in  fig.  17,  so  far  as  dust  contents  are  concerned. 


Fu}.  22. — Vuriutlou  ut'  tlit*  opaque  miirgin  due  to  a  cbaii<;e  of  dust  contents.    Dia«;ran]. 

I  have  entered  this  subject  at  length  because  of  its  important  theo- 
retical bearing,  seeing  that  it  is  necessary  to  disentangle  a  series  of 
involved  relations. 

40.  Effect  of  dust  contents, — In  fig.  22  (diagram),  the  pair  of  curves 
A  B  C  indicates  the  margin  of  the  opaciue  field  for  unusually  pure  atmos- 
pheric air.    Above  the  horizontal  asymptote  through  B  there  is  a 
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symmetrical  disposition  of  browns,  oranges,  and  yellows,  the  order  of 
colors  decreasing  npward.  Below  B  the  colors  are  blues,  greens,  and 
hues  of  higher  orders.  The  whole  field  to  the  right  of  A  B  0  is  colored 
merging  into  colorless;  the  field  to  the  left  of  A  ^  T  is  opaque. 

As  the  air  becomes  more  and  more  dust  laden  the  yellow  territory 
encroaches  on  the  blue,  so  that  for  unusually  dusty  atmospheric  air  the 
pair  of  curves  ABC  has  change<l  into  ADC, 

In  the  same  w^ay  the  yellows  will  continue  to  advance  uiK)n  the  blues 
for  each  successive  (now  artificial)  increment  of  the  dust  contents  of 
the  air,  until  eventually  the  blues  have  been  quite  crowded  out  of  the 
field  and  the  whole  territory  is  persistently  yellow  at  all  temperatures 
and  pressures.  In  other  words,  the  asymptote  of  the  curve  descends 
with  incresising  dust  contents,  while  at  the  same  time  the  curve  B  C 
moves  bodily  to  the  right,  so  that  B  C  finally  coincides  with  the 
coordinate  axes  of  pressure  and  temperature.  This  at  least  is  the 
essential  feature  of  the  phenomenon  so  far  as  I  now  understand  it. 
Subsidiary  details  will  be  brought  forward  at  some  other  time. 

It  is  to  be  remembered  that  the  particular  curves,  figs.  15  et  seq., 
apply  primarily  to  the  particular  Jet  discharging  into  the  given  tubes. 
Nor  can  any  attempt  as  yet  be  made  to  graduate  the  apparatus;  for  a 
comparison  with  the  Aitken  dust  counter  (as  has  already  been  stated) 
is  not  legitimate,  unless  it  can  be  proven  that  any  given  class  of  par- 
ticles occurs  proportionally  to  the  total  number — certainly  a  hazardous 
hypothesis.  For  the  present  the  height  of  the  curve  above  28° 
(asymptote),  expressed  in  centimeters  of  mercury  pressure,  is  the 
empiric  dust  indicator. 

41.  Filtered  air.  Small  apparatus. — A  grave  difficulty  is  encountered 
in  using  filtered  air,  inasmuch  as  the  supply  can  not  be  obtained  in 
sufficient  quantity  without  employing  very  cumbersome  apparatus.  I 
have  helx)e<l  myself  provisionally  by  using  a  tin  tube  G^  fig.  14,  with 
the  end  n  n  large  enough  to  fit  snugly  into  the  air  hole  C  when  the 
heater  is  removed.  G  is  filled  with  cotton  throughout  about  20  cm.  of 
its  length  in  the  usual  way.  The  end  n  n  is  closed  with  a  sieve  of  brass- 
wire  gauze,  while  the  end  m  is  closed  with  a  perforated  rubber  cork, 
through  which  an  influx  tubulure,  o,  projects.  This  is  connected  with 
an  ordinary  oxygen  tank,  containing  highly  compressed  air. 

When  the  tube  C  [fi^.  14)  is  closed  with  the  filter  G  (no  gas  passing 
through  it),  the  field  of  ^i  A  at  once  becomes  clear.  At  the  same  time, 
however,  it«  temperature  rises  to  the  boiling  point,  and  the  absence  of 
color  in  this  case  is  as  much  the  result  of  insufficient  supersaturation 
as  of  absence  of  dust.  Now  let  the  compressed  air  be  admitted,  so 
that  the  tube  J  A  is  considerably  cooled.  If  the  steam  pressure  is 
high  enough,  and  the  gas  in  sufficient  quantity,  the  field  first  clouds 
over  and  then  turns  quite  opa<iue.  Thus,  at  a  pressure  of  50  cm.  and  a 
temperature  registered  at  t  of  47^,  such  a  result  (opaqueness)  wa.s 
obtained.  At  30  cm.  steam  pressure  the  field  turned  cloudy,  but 
7777— No.  12 5 
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opaque;  at  15  cm.  no  clouding  was  even  apparent.  Colors  were  not 
observed  in  any  case. 

In  view  of  the  insufficient  air  supply  obtained  in  <*ase  of  the  filter  G, 
I  replaced  it  by  the  form  ii,  differing  from  G  in  having  a  drum  mucli 
larger  in  diameter  (length  25  (jm.,  diameter  15  cm.),  and  special  sieves 
rr  and  8s.  Similar  parts  are  similarly  lettered.  Under  like  condi- 
tions, such  a  filter  should  supi)ly  nine  or  more  times  as  much  air  as  the 
other  ((/). 

The  absorbent  cotton  inserted  between  the  sieves  8  8  jind  r  r  (the 
former  au<l  the  lid  being  removed  and  the  latter  [r  r]  soldered  in  place) 
was  carefully  laid  in  layers  parallel  to  r  r,  (luite  Ailing  the  width  of  the 
drum.  When  full  to  the  top,  the  cotton  was  compressed  b}-  the  second 
seive  s  »,  which  thereafter  was  also  soldered  in  place,  the  lid  with  the 
inlet  pipe  o'  m  soldered  on,  and  the  space  between  lid  and  8  8  filled  with 
loose  cotton  to  catch  dirt.  The  compressed  charge  between  8  8  and  rr 
mainly  acts  as  the  filter.  When  not  in  use  it  was  heated,  so  as  to  be 
thoroughly  dry. 

In  the  first  experiments  with  the  filter  Hj  compressed  air  (issuing  as 
usual  from  a  narrow  pipe,  and  at  a  tank  pressure  of  about  15  atmos- 
pheres) was  used  as  before.  Spreading  through  the  filter,  the  air  entei  s 
the  color  tube  at  a  much  reduce<l  velocitv.  As  the  air  in  the  tank  is 
gradually  freed  from  dust  by  the  subsidence  of  the  latter,  there  is  here 
an  addition  means  of  purification.  But  the  method  is  much  too  lavish 
to  be  practical,  even  if  it  be  conceded  that  the  filter  is  actually  efficient. 
The  following  data  were  thus  obtained  at  temperatures  comparable 
with  the  values  in  the  charts.    Colors  were  not  observed: 

Temperature 20-  21^-        22-^        23-        33-       C, 

Pressure 41.5        42  43  44  58  Cm.  Hg. 

In  the  set  of  data  for  20°  to  23^  the  filter  was  not  so  well  packed  as 
at  3.'P.  Observations  were  discontinued  for  want  of  gas.  1  have 
inserted  these  data  in  the  chart,  fig.  16,  at  Fand  FK  When  taken 
together,they  suggest  a  locus  of  the  same  nature  as  fig.  17 — i.  e.,  implying 
less  curvature  in  proportion  as  the  air  is  less  dusty.  Bearing  this  in 
mind,  the  margin  of  the  opaque  zone  at  20^  for  filtered  air  is  not  as 
much  above  the  atmospheric  curve  as  one  would  anticii)ate.  It  follows 
that  the  size  of  the  particles  producing  colored  cloudy  condensation  in 
atmospheric  air  is  not  necessarily  enormous  when  compared  with  molec- 
ular diameters,  an  infe/ence  which  I  have  already  drawn  '  both  from 
the  character  of  the  color  phenomena  and  from  the  conditions  of  con- 
densation.   Cf.  Chapter  II,  seditions  22,  27. 

42.  Filtered  air.  Large  apparatus. — Having  obtained  these  i)relimi- 
nary  results,  f  attacked  the  subject  on  a  much  larger  scale,  using  an 
api)aratus  very  simihir  to  fig.  14  (with  the  ])hospliorus  tube  removed), 
except  that  the  air,  instead  of  being  taken  out  of  the  atniosi)here  at  c 
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and  (?,  passed  at  tbose  }>oiiits  tlirougli  two  large  filters  of  the  tyi>e  IT, 
fig.  14.  A  large  Koot  blower,  actuated  by  a  1 -horsepower  gas  eugiue, 
forced  the  air  through  the  system. 

Contrary  to  my  expectations,  this  arrangement  remained  to  the  last 
utterly  inefficient.  When  the  blower  acted  under  low  i)ressures,  the 
air  entering  the  color  tube  was  insufficient  in  quantity.  For  higher 
blower  pressures  and  a  more  rapid  current  of  air  *  the  evidences  of 
filtration  were  practically  absent.  It  was  easy  to  trace  the  increase  of 
dust  contents  with  the  velocity  of  the  current  of  nominally  filtered  air, 
even  though  high  speeds  were  excluded  by  the  nature  of  the  case. 
The  nozzle  of  tbe  original  steam  jet  being  0.16  cm.  in  diameter,  I 
rei»laced  it  by  a  finer  one,  0.09  cm.  in  diameter,  but  without  advantage. 
It  is  noteworthy  that  for  atmospheric  air  both  these  jets  gave  identical 
retiiults  as  to  the  location  of  the  opaque  margin  near  the  asymptote. 
The  colors  for  the  fine  jet  were  fainter,  and  together  with  the  opaque 
field  vanished  at  a  lower  temperature,  as  one  would  suppose,  seeing 
that  only  one -third  as  much  steam  is  available  in  one  case  as  in  the 
other. 

The  best  results  for  filtered  air  are,  therefore,  those  of  the  preceding 
paragraph.  A  sufficient  degree  of  supersaturation  presui)po8ed,  in  no 
case  was  there  an  absence  of  condensation,  but,  as  I  can  not  assert  that  the 
air  used  Avas  rigorously  pure,  it  does  not  follow  that  I  have  reached  the 
conditions*  under  which  the  molecules  themselves  act  as  condensation 
nuclei.  Were  this  the  case,  then  the  supersaturation  at  the  lower  mar- 
gin of  the  opaque  field,  expressed  either  isothermally  as  pressure  or 
isopiestically  as  temperature,  leads  easily  to  the  molecular  dimension. 
For  the  margin  in  question  is  a  locus  at  which  the  issuing  st^am  con- 
denses as  a  whole,  or  in  which  the  vapor  contains  within  itself  the  con- 
ditions of  condensation. 

43.  Apparent  variation  of  dust  cantents  of  normal  air, — In  conclusion 
I  shall  summarize  my  results  for  the  observed  changes  of  the  dust  con- 
tents of  normal  atmospheric  air,  expressing  this  datum  by  the  height 
(steam  pressure  in  cm.  of.  mercury)  of  the  asymptote  of  the  margin  of 
the  opaque  field,  at  a  temperature  near  30^  C,  of  the  inflowing  air. 
The  observations  for  earlier  dates  are  necessarily  somewhat  crude  and 
sporadic,  for  in  work  of  this  kind  it  is  difficult  to  arrive  at  a  fixed  per- 
sonal equation  at  once.  The  apparatus,  moreover,  was  imperfect  in 
one  or  more  of  its  early  details.  The  air  taken  in  at  the  center  of  the 
Smithsonian  Park  is  probably  as  normally  atmospheric  as  can  be  had 
in  Washington. 

'Compare  this  'with  the  Rimilar  experiences  of  Mr.  Aitken,  in  Trans.  Koy.  Soc. 
Edin.f  XXXV,  p.  11,  et  seq.,  1888. 

•The  delicat«  question  of  purity  comes  into  play  in  tbe  other  researches.  Thus 
condensAtion  apparently'  without  nuclei  was  produced  by  Aitken  (Trans.  Roy.  Soc. 
Kdin.,  xxxv,  p.  IB,  1888),  using  the  expnnsion  method.  K.  v.  Hclmholtz  failed  to 
obtain  it  for  exhaustions  up  to  one-half  atnioHpherc  (Wied.  Ann.,  xxvii,  p.  521,  1886), 
whereas  Aitkeu*s  exhaustions  were  only  to  three-fourths  atmosphere  (loc.  cit ,  p.  8.) 
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Ta»i,k  5. — Dust  contenis  on  auccessivv  day9 — i.  e.,  pressures  actuating  a  steam  jet 
discharged  into  normal  air,  between  iS^'  and  ;l.^,  when  the  blue  color  field  passes  into 
opaque. 


Date. 


I*re»aure. 


1893. 
Before  February  23. . 
February  2:J,  p.  m  . . . 

February  24 

February  25 

February  27 

February  28 

March2 

March  3 

March  6 

March  7 

March  8 

March  10,  a.  m 


Cfn.  Ho,    1 

40 

48 

43.5 

43.5 

43 

43 

43.5 

46 

42 

42 

43 

43 

Date. 


1893. 

March  10,  p.  m 

March  11,  a.  m 

March  11,  p.  m 

March  12,  a.  m 

March  13,  a.  ni 

March  13,  p.  m 

March  14,  a.  m 

March  14, )).  m 

March  15,  a.  m 

Maroh  16,  a.  m 

March  16,  p.  m 

March  17,  a.  m 


Pressure. 


Chn.  Hg. 
42.5 
42 

42.5 
42 
43 
43.5 
43 
42 
42 
43.9 
43.5 
43 


Date. 


PresBure. 


1893.  Cm.  Hg. 

March  18.  a.  ni I  42 

March  18,  p.  m   41.5 

March  19,  a.  m   i  42 

March  2U,  a.  m !  42. 5 

March  20,  p.  m !  42 

March  21,  a.  ui 42 

March  21,  p.  m ,  42.5 

March  22,  a.  m 41 

March  22,  p.  lu 42. 

March  23,  a.  m 41 

March  24,  a.  m '  40. 5 


The  results  are  shown  graphically  iu  flg.  23,  where  the  dates  are  laid 
oft'  as  abscissas  and  the  dust  contents  (expressed  in  pressures  as  above) 
as  ordinates. 


Fio.  23— Diurnal  variatioDB  of  dust  contents  (empirically  rated)  of  normal  atmospheric  air. 

The  chart  contains  about  a  month's  observing,  and  in  its  general 
features  calls  to  mind  Mr.  Aitken's  ''dust  curves,"  remembering, 
however,  that  in  fig.  23  the  ordinates  grow  with  increasing  purity. 
Throughout  the  month  the  dust  contents  of  the  air  do  not  depart  very 
often  from  their  normal  value,  and  the  fluctuations  are  usually  char- 
acterized by  a  suddenness  (relatively  speaking)  of  appearance.  Thus 
marked  changes  of  dust  contents  may  take  place  within  fractions  of 
a  day.  In  general  the  air  has  been  gradually  getting  less  pure  between 
February  23  and  March  23. 

1  endeavored  to  put  the«e  data  into  correspondence  with  the  meteoro- 
logical elements  of  tlietime  of  observation,  and  1  also  availed  myself  of 
the  comprehensive  digest  which  my  colleague.  Prof.  F.  H.  Bigelow,  has 
constructed ;  but  the  time  during  which  the  above  observations  were 
taken  is  far  too  short  to  make  such  comparisons  fruitful.  The  object  of 
fig.  23  is  therefore  merely  to  exhibit  the  character  of  the  results  obtained 
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and  the  degree  of  efficiency  of  the  above  apparatus  and  not  to  attach 
any  ulterior  meaning  to  the  results  themselves.    Section  47. 

41  Continuation. — A  simihir  series  of  observations  made  daring  the 
ensuing  month  is  given  in  Table  G.  During  the  first  two  weeks  of  this 
time  the  dust  contents  retain  the  degree  of  constancy  as  referred  to  in 
section  43,  showing  slight  fluctuations  around  a  mean  vjilue.  After 
tbis  (on  April  6)  the  jet  was  used  in  certain  experiments  which  kept  it 
in  action  for  about  half  a  day.  The  table  shows  the  effect  of  this  treat- 
ment to  be  very  marked  and  in  the  direction  of  an  increase  of  apparent 
dust  contents.  The  jet,  moreover,  never  recovered  its  normal  standard, 
proving  clearly  enough  that  the  nozzle  had  in  some  way  been  perma- 
nently altered.  Inasmuch,  therefore,  as  an  increased  roughness  of  bore 
is  equivalent  in  its  relation  to  the  jet  to  an  increase  of  dust  contents, 
the  discrepancy  observed  can  only  be  due  to  an  appreciable  amount  of 
corrosion  of  the  brass  nozzle  by  the  issuhig  steam.  Thus  a  general 
inquiry  as  to  the  magnitude  of  the  distortion  which  would  follow  from 
the  use  of  improperly  shaped  nozzles  was  called  for,  and  the  investiga- 
tion could  now  be  made  with  considerable  certainty,  since  the  laws  of 
the  phenomena  for  a  given  jet  were  understood. 

Table  6. — Duat  oontenia  an  sucoeami^e  days,  etc, 
[Continaation  of  Table  5.] 


Bate. 

Preeeure. 

Date. 

I*res8iire. 

Date. 

Pressure. 

1898. 

March  24.  p.  in 

March  25,  a.  m 

Mnrch  25,  p.  ni 

March  26.  in 

Cm.  Hg. 
40.5 
41 

41.5 
41 

40.5 
41 
42 
42 

1803. 

March  30,  p.  m 

March  31,  a.  m 

Mari'h  51,  p.  ni 

April  l,p.m 

April  2,  p.  in 

April  3,a.m 

April  4,  a.  ni 

April  4,p.  m 

Cm.  Hg. 
41 

41.5 
40.5 
40.5 
41 
42 
40.5 

1893. 

April  5.  a.  ni 

April5,  p.  in 

April6,a.D|i 

April  G,  p.  m 

April  7.a.  m 

April  7,  p.  m 

April  24,  a.  m 

Cm.  Hg, 
41 
42 
41 
89 

Mareh  27,  a.  m 

Marc  h  28,  p.  in 

Uaroh  29,  a.  m 

March  29,  p.  m 

39.5 
38.5 
38 

1  After  allowing  steam  to  rush  through  the  nozzle  for  half  a  day. 

46.  Bore  of  the  nozzle. — In  the  experiments  thus  far,  no  particular 
mention  has  been  made  of  the  bore  of  the  nozzle,  excepting,  per- 
haps, the  few  remarks  (sections  32,  42)  which  refer  in  a  casual  way  to 
dimensions.    But  the  character  of  the  bore  is  a  datum  of  marked 

« 

importance,  and  I  have  therefore  spent  much  time  in  looking  into  the 
details  of  this  question  from  the  hydraulic  ])oint  of  view.  With  the 
aid  of  the  koniscopic  dust  counter,  just  described,  definite  results  may 
now  be  obtained  by  noting  the  pressure  at  which  blue-violet  field 
passes  into  opaipie,  at  given  temperatures  of  the  inflowing  air;  or, 
more  simply,  by  noting  the  mean  pressures  at  which  the  blues  change 
to  yellows  in  the  neighborhood  of  30o. 

The  diversity  of  results  obtained  in  this  way  for  different  nozzles  is 
startling.  The  following  data  are  selected  at  random  from  my  note- 
book, 6  being  the  air  temperature  at  intlux,  and  p  the  mean  pressure 
corresi)onding  to  the  blue  oi>aque  field. 
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Table  7. — ShoxvUuj  the  effect  of  rough  nozzles. 


'Number. 


B. 


I 

II 

111 

IV 

V 

VI 

VIl 

VIII 

1\' 

X 

XI 

XII 

XIII 

XIV 

XV 


30 
32 
32 
32 
31 
28 
29 
30 
30 
30 
32 
30 
30 
30 
30 


Beniarks.    Diameter  of  bore,  0.09  cm. 


Cm. 
41 
42 
36 

38.5 
34.5 
33 

41.5 
46 
31.5 
29 
40 
45 
30 
37.  o 
46 


Newlv  drilled  and  smoothed. 

l>o. 

Do. 
Ill  polinhcd  with  steal  tool. 
Newly  drilled. 

Brass  plate,  3  mm.  thick,  newly  drilled. 
Same;  hole  polished  at  both  ends  with  emery. 
BraHs  plate,  1  mm.  thick  -,  hole  polished  on  both  sides  with  emery. 
Platinum  plate,  two  holes  newly  drilled ;  plate  2.5  mm.  thick. 
Same:  holes  reameii  out  witli  a  needle. 
Same;  hole  polished  at  both  ends  with  emery. 
Same;  further  polLshiiig. 
Another  platinum  plate,  newly  drilled. 
Same;  poliHhe<l  with  emery. 
Same ;  further  poli.shing. 


Similar  results  (pressures  ranging  from  30  cuj.  to  44  cm.)  were  obtained 
with  a  larger  bore  0.15  cm.  in  diameter.  Thus  there  is  no  certainty  that 
the  size  of  the  hole  has  an  influence,  since  in  any  case  an  apparently  insig- 
niflcantroughnessin  the  bore  may  change  thecondensatioiipres8ure(bliie 
yellow)  from  30  cm.  to  almost  60  cm.  at  30^  C.  Th  is  is  one  of  the  grave 
difficulties  of  the  koniscopic  method  proposed,  for  it  is  obvious  that  if 
the  roughness  of  bore  increases  by  corrosion  or  otherwise  in  the  lapse 
of  time  the  effect  would  be  interpreted  as  an  increase  of  dust  contents. 
The  nozzle  should  therefore  be  made  of  platinum.  Glass  nozzles  are 
liable  to  break  and  difficult  to  fasten  in  place,  and  they  are  otherwise 
not  superior  to  metallic  nozzles. 

The  most  effectual  method  of  polishing  the  holes  after  drilling  and 
smoothing  consists  in  passing  a  piece  of  cotton  twine  saturated  with 
oil  and  emery  flour  through  the  hole,  and  then  wearing  the  latter  down 
gradually,  especially  near  the  edges.  All  my  endeavors  to  use  steel 
reamers  for  the  same  purpose  failed. 

46.  Sentfitiven-eHs, — When  a  nozzle  has  been  ma<le  very  smooth  so 
that  the  condensation  pressure  (blue  yellow  at  30^  C.)  is  fibove  45  cm. 
of  mercury,  it  does  not  follow  that  the  apparatus  so  obtained  is  sensitive 
to  an  ecpially  marked  degree.  Indeed,  the  reverse  seems  to  be  the  more 
usual  case.  Thus  in  the  neighborhood  of  ^  =  45  cm.  the  transition  from 
blue  to  yellow  takes  i)l{ice  within  a  pressure  of  2  or  3  cm.  of  mercury, 
whereas  below  j>  =  40  cm.  the  transition  is  often  complete  within  1  cm. 
The  most  sensitive  jets  were  always  obtained  without  polishing.  Thus 
a  single  hole  0.09  cm.  diameter  gave  a  blue  field  at  41.5  cm.  and  a  yel- 
low field  at  42.5  cm.  when  the  influx  was  at  32°.  At  the  same  medium 
temperature,  two  similar  holes,  about  0.4  mm.  apart,  showed  a  blue  field 
at  3t)  cm.  and  a  yellow  field  at  40  cm.;  but  I  have  not  hit  upon  any  sure 
method  of  producing  these  results  in  all  cases.  If  the  hole  is  too  fine 
in  bore,  the  colors  are  apt  to  be  too  faint.  If  the  hole  is  too  large,  the 
opaque  field  is  too  intense  and  the  colors  too  muddy.  I  should  say  that 
the  duplex  nozzle  just  described  gave  the  best  results. 
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The  position  of  the  nozzle  in  the  color  tube  is  also  an  item  of  impor- 
tance. It  should  lie  slightly  below  the  axis  of  the  inilux  pipe,  but  not 
above  or  below  its  upper  or  lower  tangential  planes.  So  far  as  possible 
the  nozzle  should  squirt  axially  upward  into  the  color  tube. 

There  are  a  number  of  subsidiary  results  which  may  be  added  here, 
inasmuch  as  they  throw  light  on  the  phenomenon  in  question.  By  allow- 
ing jets  to  play  into  color  tubes  of  different  widths,  no  change  of  the 
condensation,  pressure  was  observed,  other  conditions  remaining  the 
same.  Thus  the  nozzle  0,09  cm.  in  diameter  showed  j>  =  41  cm.  for  6  = 
30^  ill  a  tube  5  cm.  in  diameter,  and  the  same  values  oi'p  and  ^  for  a  tube 
8  cm.  in  diameter,  the  influx  pipe  for  air  being  the  same  in  the  two  cases. 
A  like  result  was  obtained  for  jets  1.5  cm.  in  diameter. 

Similarly,in  case  of  a  brisk  flow  of  steam,  the  length  of  the  pipe  convey- 
ing the  steam  to  the  jet  has  no  effect,  nor  is  an  evident  advantage  gained 
by  jacketing  this  pipe.    Pipes  as  long  as  100  cm.  and  more  were  tested. 

Finally,  the  temperature  of  the  color  tube  is  without  influence.  If  a 
fine  sheet  of  cold  water  is  allowed  to  run  down  the  outside  of  this  tube, 
the  only  obvious  etfect  is  a  greater  faintness  of  color  due,  to  condensa- 
tion. The  condensation  pressure  and  temperature  do  not  perceptibly 
change  (ciet.  par.).  Thus  in  case  of  a  drenched  tube  2^=41  at  28^,  and 
in  case  of  the  same  tube  not  cooled  p=4:l  at  20° — i.  e.,  there  is  no  evi- 
dence that  the  effect  of  cooling  the  color  tube  is  anything  beyond  an 
additi(mal  condensation  of  steam. 

There  is  sometimes  an  observable  fall  of  the  pressure  j>  with  the  time 
during  which  the  jet  has  been  in  action. 

Premature  condensation  may  often  be  counteracted,  wholly  or  par- 
tially, by  increasing  tlie  current  of  air. 

47.  Conclusion. — It  follows  from  the  remarks  made  in  section  46  that 
each  jet  has  a  certain  hydraulic  individuality,  which  does  not  change 
so  long  as  the  nozzle  is  not  changed  either  by  corrosion  or  otherwise. 
At  the  same  time  the  contours  of  the  margin  of  the  opaque  field  are 
alike  in  kind  for  all  nozzles.  Increments  either  of  the  dust  contents  of 
the  air  or  of  the  roughness  of  the  bore  have  a  similar  and  mutually 
replaceable  tendency  to  change  the  steady  motion  of  the  jet  into  eddy- 
ing motion  and  thus  to  usher  in  the  opaque  field,  followed  by  yellows 
of  the  first  order. 

I  conclude  from  tables  5  and  0,  interpreted  in  the  light  of  the  present 
and  preceding  results  (sections  38,  39),  that  the  excessively  fine  dusty 
constituent  of  the  air — i.  e.,  those  particles  which  give  rise  to  colored 
cloudy  condensation,  and  are  therefore  virtually  visible  by  interference 
methods — is  a  fixed  attribute  of  normal  atmospheric  air  and  is  invariable 
as  to  quantity. 

[This  unexpected  and  yet  necessary  conclusion  of  the  experiments  of 
the  present  chapter  may  possibly  be  interpreted  in  relation  to  Bidwell's 
divscovery  (section  11),  viz,  that  actively  dusty  air  largely  loses  its  pre- 
cipitating power  on  keeping  in  a  closed  vessel. — Feb.  2,  1895.] 


CHAPTER  IV. 

THE  THERMAL  TOPOGRAPH?  OF  THE  FREE  STEAM  JET. 

PURPOSES  OF  THE  WORK. 

48.  Mature  of  the  problem. — If  the  steam  jet  is  to  be  used  as  an  instru- 
ment of  research,  and  in  the  manner  which  the  foregoing  chapters  have 
pointed  out,  then  it  is  necessary  to  have  a  minute  kuowledgfe  of  the  dis- 
tribution of  temperature  throughout  its  length  and  breadth.  The  law 
expressing  this  distribution  is  therefore  tirst  to  be  investigated  for  any 
given  conditions.  It  is  tlien  necessary  to  liiid  how  this  law  changes,  both 
with  the  tem])eratare  of  tlie  medium  of  air  into  which  the  jet  is  dis- 
charged and  with  the  pressure  actuating  the  flow  of  steam.  Finally,  the 
effect  produced  when  the  jet  is  surrounded  by  a  suitably  ventilated  tube 
is  to  be  shown,  and  the  distribution  in  this  case  compared  with  the 
results  for  the  free  jet.  It  appears  from  tlie  above  pages  that  when  the 
color  tube  is  used  condensation  is  promoted  or  retarded  by  the  tempera- 
ture of  the  inflowing  air  in  a  well-marked  manner,  and  it  is  thus  through 
the  color  tube  that  the  nature  of  the  medium-constant  is  most  clearly 
apprehended. 

49.  Pressure  and  volume. — In  addition  to  temperature,  the  distribu- 
tion of  pressure  and  volume  throughout  the  steam  jet  are  important 
desiderata,  for  these  are  the  variables  which  must  be  known  if  the 
isothermals  are  to  be  traced  experimentally.  The  instrument  for  the 
measurement  of  pressure  at  any  point  is  not  yet  forthcoming;  much 
less  is  it  possible  to  determine  the  volume  which  obtains  for  the  given 
point.  All  such  experiments  are  made  doubly  difficult  by  the  rush  of 
the  condensing  steam  from  an  orifice.  There  is,  therefore,  an  essential 
incompleteness  in  the  measurements  made  upon  steam  jets,  and  a  part 
of  the  conclusions  reached  must  remain  inferential. 

On  the  other  hand,  condensation  as  seen  in  the  steam  jet  is  virtually 
steady  and  so  clear  cut  in  its  nature  that  whatever  information  can  be 
obtained  of  the  details  of  the  phenomenon  can  not  but  be  important. 
It  is  for  this  reason  that  I  have  gone  extensively  into  the  question  of 
temperature  distribution,  as  shown  in  the  following  paragraphs. 

50.  Literature. — I  have  found  nothing  in  the  literature  of  the  sub- 
ject sufficiently  precise  in  its  nature  to  be  available  for  the  present 
purposes. 
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APPARATUS. 


51.  Jet, — The  nozzle  of  the  jet  in  these  experiments  was  similar  to 
those  above  used,  except  that  special  means  were  provided  for  attaching 
and  moving  the  thermocouple.  In  tig.  24  one  end  of  the  tube  a  h 
communicates  with  the  steam  box  (which  in  the  present  work  was 
made  wholly  of  g^is  pipe,  being  stronger  and  of  smaller  capacity  than 
the  one  shown  in  fig.  6).  The  other  end  of  a  h  carries  the  short  tube 
0,  with  a  hole  at  n,  from  which  the  jet  is  to  issue.  The  cap  d  d  closing 
the  outer  eua  of  c  makes  with  it  an  ordinary  stuffing  box,  by  which  the 
insulator  /  of  one  junction  of  the  thermocouple  is  secured  in  place. 
Thus  the  temi^rature  of  the  steam  may  be  measured  at  e,  immediately 
before  leaving  the  nozzle  n. 

The  other  and  movable  end  of  the  thermocouple  is  adjusted  by  means 
of  a  suitable  clamp,  k,  free  to  slide  up  and  down  the  standard  g.    In  this 


Fto.  24. — Fret*  Ht4^iim.iet  with  attachnieiits,  ctr. 

way  the  insulator  It  of  the  couple  may  be  so  placed  that  the  junction  i 
takes  any  desirable  position  above  tlie  nozzle  m,  and  the  height  of  i 
al)ove  n  is  read  off  on  a  scale,  S  S\  etclied  on  mirror  glass,  placed  verti- 
cally behind  the  jet.  By  keeping  the  images  of  the  eye  and  of  the  junc- 
tion in  coincidence,  increments  of  height  may  thus  be  read  off  as  closely 
as  necessary.    It  is  not  so  easy  to  fix  the  junction  in  the  axis  of  the  jet. 

The  slide  g  is  rigidly  attached  to  the  tube  a  h.  When  temperatures 
are  to  be  taken  across  the  jet,  </  is  replaced  by  a  liorizontal  slide  corre- 
sponding to  a  horizontal  scale,  S  S\ 

When  the  junction  c  is  not  used,  the  cap  dd  is  replaced  by  a  tube 
and  stopcock  bent  vertically  down  ward ;  lor  by  keeping  this  cock  slightly 
oi>en  the  water  condensing  m  a  b  is  discharged,  and  the  annoyance  of 
droi)s  choking  the  nozzle  n  is  obviated.  Possible  changes  of  tempera- 
ture proiiuced  by  the  additional  aperture  are  not  to  be  overlooked. 


'  Cf.  Bulletin  U.  JS.  Geological  Survey,  No.  54,  i).  95  ot.  Meq.,  1S89. 
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All  parts  of  the  steatii  box  niul  the  conveyance  tubes  are  to  be 
properly  jacketed  with  blanketing*,  so  as  to  diunnish  loss  of  heat  by 
radiation. 

52.  Temperature  measurement.  Thermocouple, — The  thermocouple-is 
the  only  apparatus  available  for  the  present  work.  1  nuide  use  of  tliin 
wires  of  (lerman  silver  and  of  copper,  soldiered  tog:ether  at  as  line  a 
point  as  possible.  The  w^ires  were  kept  apart  by  insulators  of  tire  clay,' 
leaving  only  the  junction  exposed,  as  show^n  in  tig.  24.  Where  meas- 
urements ^as  in  the  present  instance)  are  to  be  made  by  the  galvan- 
ometer, the  resistance  of  the  couple  is  a  consideration.  Hence  1  con- 
structed half  couples,  as  they  may  be  called,  containing  a  single  junction 
between  a  meter  length  of  copper  wire  and  a  half-meter  length  of  (rer- 
man-silver  wire.  The  free  ends  of  the  copper  wires  were  always  to  be 
used  as  the  terminals  of  the  couple,  and  therefore  led  to  the  galvan- 
ometer. The  free  ends  of  the  German-silver  wires  were  soldered 
together  when  any  two  points  were  to  be  thermally  compared.  Thus, 
by  jmtting  a  junction  in  the  steam  box,  another  below  the  steam  nozzle 
(as  shown  in  tig.  24),  a  third  in  the  jet  (also  shown  in  tig  .24),  and  a  fourth 
in  a  normal  boiling  i)oint  apparatus,  1  had  the.  means  of  finding  the 
diiterence  of  temperature  between  any  two  of  these  points. 

53.  Temperature  measurement.  Galvanometer, — Toineasure  the  ther- 
mocurrent  produced,  I  made  use  of  my  torsion  galvanometer.'  lu  this 
instrument  the  needle  is  kept  in  a  tixed  plane  parallel  to  th<^  winding 
and  all  current  expressed  directly  in  terms  of  the  torsion  of  a  platinum 
tiber.  If  1)  be  the  amount  of  twist  observed  when  the  temperature  of 
the  junctions  of  the  thermocouple  are  respectively  T  and  /,  then 

l)  =  a{T--t)^h{T^-t') (1) 

a  well-known  eciuation,  in  which  a  and  h  are  constants.  Remembering 
that  the  resistance  of  the  circuit  is  constant,  and  is  largely  (almost 
wholly)  in  the  coils  of  the  galvanometer,  a  calibration  is  to  be  made 
once  for  all,  by  finding  the  values  of  1)  when  the  fctMuperatures  of  the 
junctions  are  known.  In  this  way  a  and  h  were  computed  and  fcmnd 
to  be  (at  a  temperature  of  the  galvanometei-  of  1(P) 

/f=0.89()7;  ^=0.001167:    r=^=(MK)i;i 
'  a 

These  constants  necessarily  vary,  and  vary  in  marked  degree  when 
the  temperature  of  the  coils  changes,. for  a  greater  resistance  is  now 
introduced  and  the  elastic  and  magnetic  constants  arc  no  longer  the 
same.     But  the  etfect  of  this  is  to  alter  the  constants  ^t  and  b  nidividu 

allv;  it  can  not  alt^r  tlie  relation      ,  since  this  dej>ends  only  on  the 

a' 

couple.     Hence,  if  ecpiation  (1)  be  expressed 

]>  =  a(T-t)[l  +  v{T+t)  (2) 

'Biiriis:  HuHetin  U.  S.  (Tcologiral  Survey,  No.  103.  Cf.  **  Jiehaiullung  u.  Messniig 
holier  Teiiiperatureii/'  p.  82;  Bartli,  hoipzig,  1892, 
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where  c  is  known,  only  a  single  measurement  suffices  to  determine  the 
new  value  of  a.  Thus  the  recalibration  is  simple,  for  it  is  merely  nec- 
essary to  put  the  hot  junction  in  steam  and  the  other  in  cold  water  of 
known  temperature  to  find  the  appropriate  a  for  the  day. 

In  this  way  during  the  course  of  some  three  mouths  I  found  tempera- 
ture lOo  a  =  0.897 ;  16°,  a  =  0.880;  20°,  a  =  0.867,  showing  the  tempera 
tnre  coefficient  to  be  about  —0.003  per  degree  Centigrade.    For  ordi- 
nary accuracy,  therefore,  recalibration  is  also  superfluous,  since  the 
oefficient  is  known. 

Finally,  to  measure  temperature  by  the  aid  of  (2)  one  of  the  vahies  T 
or  t  must  be  known,  and  the  other  is  therefore  given  by  the  equation. 
The  work  is  iiicilitated  by  writing  this  equation 

l}  +  at  +ht^  =  aT  +  bT^j 
or 

and  computing  a  table  for  the  function/ (f)  =  at  +  bt^. 

RESULTS. 

54:.  yoiation. — The  results  obtained  are  given  in  the  following  tables 
(8  to  10)  in  a  way  showing  how  the  method  was  gradually  perfected. 
Two  conunutations  at  the  torsion  galvanometer  were  made  for  each 
teraperatui^e  measurement.  Consequently  eaiih  datum  for  temperature 
is  the  mean  of  three  observations,  corresponding  to  three  readings  for 
the  actuating  steam  pressure  {P)  also  averaged. 

This  premised,  P  denotes  the  pressure  of  the  steam  in  the  steam 
box  directly  observed  in  centimeters  of  mercury.  P  is  therefore  prop- 
erly the  excess  of  the  steam  pressure  above  the  atmospheric  pressure, 
r*  denotes  the  corresponding  boiling  point  of  water  taken  from  well- 
known  tables'.  Tis  the  temperature  just  well  inside  of  the  nozzle  of 
the  jet,  computed  from  observations  given  in  section  61.  Finally,  t  is 
the  temperature  sought — i,  e.,  the  temperature  at  an  axial  point  of  the 
steam  jet  H  cm.  above  the  nozzle  for  the  given  temperature,  Oj  of 
the  medium  of  air  into  which  the  steam  discharges,  and  the  actuating 
steam  pressure  (steam  box)  P, 

As  a  rule  the  diflerence  of  temperature  between  tlie  steam  box  and 
the  divers  points  of  the  jet  was  directly  measured  thermoelectrically. 
In  this  case,  if  the  Avenarius-Tait  equation  of  the  thermocouple  be 
put 

/(T)-i>=/(0, (1) 

where  i)  is  the  observed  twist  and  the  functionality / ( T)  =  a  T+  b  T'; 
and  where  a  and  b  are  the  constants  measured  and  corrected  as  shown 
in  section  53— then  since  1>  is  directly  observed  (torsion  galvanometer) 
and  T  is  known  through  P,  the  quantity/(f)  is  also  known,  and  there- 
fore t  is  easily  derived.    Thus,  it  is  merely  necessary  to  construct  a 


>Cf.  Landolt  u.  Boernsteiu:  riiyo.-cliem.  Tabelleu^  pp.  40-46;  Berlin,  1883. 
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table  for  the  function  /  {T)^aT+  bT'  between  about  Qo  and  150©, 
graphically,  and  to  construct  a  similar  table  for  the  vapor  tension  of 
water  between  those  limits,  to  have  in  hand  the  apparatus  for  the  easy 
computation  of  the  temperature  t  at  any  specified  point  of  the  steam  jet. 

With  the  object  of  introducing  desirable  variations  of  method,  I 
occasionally  measured  the  difference  of  temperature  (galvanometer 
twist  D)  between  the  inside  of  the  nozzle  and  the  points  of  the  jet. 
In  such  a  case  Tin  equation  (1)  must  be  replaced  by  T*  already  defined. 

Again,  I  measured  the  difl^ierence  of  temperature  between  the  steam 
of  a  normal  boiling  point  apparatus  and  the  points  of  the  jet.  Here 
O  is  to  be  replaced  by  T",  the  boiling  point  of  water  for  the  barometric 
height  of  the  day. 

55.  Earlier  data. — After  the  explanations  given  in  the  preceding 
paragraph,  the  data  of  Table  8  will  be  easily  understood.  The  chart, 
fig.  25,  belongs  to  this  table.  The  table  consists  of  four  parts,  A  to  D, 
containing  different  sets  of  observations,  with  a  final  summary  of  the 
chief  results. 

The  first  set  under  A  is  disappointing,  for  the  variations  (not  on  the 
chart)  are  cyclic.  To  find  out  whether  this  was  really  the  case,  I  placed 
one  of  the  junctions  of  the  thermocouple  in  a  boiling  point  apparatus, 
obtaining  the  data  of  the  next  set  under  A,  The  results  so  obtained 
are  clear  enough.  They  indicate  a  linear  variation  of  the  temperature 
at  a  given  height  [H—OA  cm.)  above  the  nozzle,  with  pressure  P,  the 
slope  being  0.093  and  The  initial  temperature  (P=0),  94.6  o. 

The  final  set  of  dataunder  A  are  corroborative.  They  show  that  the 
observed  (thermoelectric)  and  the  computed  (from  P)temperature  of  the 
steam  box  differ  by  0.8^  0.,  which,  however,  is  nothing  more  than  the 
temperature  correction  of  the  torsion  galvanometer.    Section  53. 

Table  S.-^C/mnyc  of  temperature  at  a  given  axial  point  icith  the  actuating  steam  preesure. 

Earlier  results.    Nozzle  one-sixteenth  inch  in  diameter. 


103.4 
109.7 
120.3 
115.6 
111.4 
109.1 
105.6 
103.5 

A 

.     If  =  0.4 

cni.> 

p 

r 

OC. 

102.6 
108.8 
119.1 
114.6 
110.5 
1U8.2 
104.8 
102.7 

t              100-f 

T-t 

°C. 
12.1 
17.6 

«33.0 
29.0 
23. 3 
20.0 
15.6 
12.7 

dt 

(?) 

Cm.  Eg. 
10.0 
31.0 
74.3 
53.9 
36.8 
28.2 
16.9 
10.1 

°c. 

90.5 
91.2 
86.1 
85.6 
87.2 
88.2 
89.2 
90.0 

OC. 



^ 

22.0 
39.6 
52. :. 
82.8 


17=0.4  cm.     T'-zlOQoC.* 


107.4 

106.6 

112,3 

111.4 

115.4 

114.4 

122. 0 

120.8 

96.7 

—  3.25 

98.  2 

- 1. 80  1 

99.3  : 

-   .70 

102.  6 

\  2.  03 

109.8 
113.2 
115.1 
118.2 


+0.093 
94. 6° 


>  Junctions  in  stfani  box  nml  in  jot. 

*  Cyclic-  change  nojsntive. 

3  Junctions  iii  boiling-point  apiiaratus  and  in  Jet. 
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Table  8. — Change  of  femperature  at  a  given  axial  pointy  etc, — Coutiuued. 
St«am  Iwx  and  boiliug-i>uint  n|>]>aratilH.    T"  — 100°  C.> 


r 

yi 

Cm,  Eg. 

oc.   ; 

14.3 

104.7 

29.2 

100.3 

40.2 

114.5 

65.7 

11&4 

T 

oO. 

103.9 

108.4 

113.5 

117.3 

1.0— t 


T-t 


dt 


105.5  

110.1  

115.3  

119.1  


or.     I       (/) 

—  0.8  I t 

—  0.8  ' I 

—  0.8  , 

—  0.7    i 


B.     fl^=1.5cm.« 


; 

1          10.8 

103.6 
107.4 
Ul.O 
114.4 
117.6 
120.7 
120.0 
116.8 
113.6 
109.5 
105.7 

102.8 
106.6 
110.1 
113.4 
116.5 
119.5 
118.9 
115.7 
112.6 
108,6 
104.9 

74.9 
74.3 
74.3 
76.1 
77.4 
80.1 
79.5 
77.4 
75.6 
73.9 
73.8 

27.9 
.Ti.  3 
35.8 

(0.071) 
72. 6o 

i          22.5 

!          35.3 

'          48.8 

37. 3 
39.1 
39.4 
39.4 
38.3 
37.0 
34.7 

>          62.5 

76.8 

73.3 

50.3 

45.0 

•                 •  ■  ■ 

1          30.1 

!          16.8 

31.1 

t 

7f-— 3.8cm.« 

12.4 
27.7 
44.1 
53.0 
61.8 
40.9 
23.7 
11.7 

104.3 
108.8 
113.4 
115.5 
117.4 
112. 5 
107.8 
104.0 

103.5 
107.0 
102.4 
114.5 
116.3 
111.5 
107.0 
108. 2 

102.4 
106.6 
102.3 
107.8 
104.0 
108.6 
103.8 

58.2 
57.5 
60.0 
60.4 
61.7 
50.5 
57.5 
56.5 

45.3 
.'iO.4 
42.4 
54.1 
54.6 
.52.  0 
49.5 
46.7 

(0.071) 

56.2^ 

1 

•* 1 

...... ......1 

1 

1 

••••..•••• 

58.0 
01. 1 
55.3 
58.4 
56.4 
62.1 
58.4 

i/=8cm.« 

9.3 

103.2 
107,4 
113.3 
118.9 
115.0 
100.5 
104.6 

44.4 
45.5 

0.071 

22.3 

44. 1° 

48.8 

47.0 
49.4 
47.6 
46.5 
45.4 

68.2 

61.0 

\         20.6 

i          13.5 

C.    if = 0. 8  cm.    Medium  0=M  o  C.» 


9.0 
20.8 
34.6 


103.2 
106.8 
110.7 


102.4 
106.0 
100.8 


I 

80.4  ' 

80.5    , 

82.0 • 


32.0 
25.5 
27.8 


(0.071) 
(79.5°) 


9.8 
23.3 
52.0 


I 


iT=0.9cm.    Me<lium»  ^27oC.» 


103.4 
107.6 
115.3 


102.6 
106.8 
114.3 


80.6    i 

77.0    1 

70.6    

I 


D.    SUMMARY. 


P—0         £r=0.-4cm.        «o=W.6«C 


P=0 

Pr^O 

p=o 


=  0.8 
-=1.5 
■=:3.8 
=8 


=  79.5 
=  72.0 
^56.2 
—  44.1 


dt 
dp 


22.0 
29.8 
43.7 


(Negative)., 


0.093 

*  (0.071) 

(0.071) 

(0. 071 

0.071) 


I  Jnnctioim  in  boiling-point  aj^paratns  and  in  Btcam  box. 

'  Janctiona  in  Hteani  box  aud  in  Jet. 

'  Jnoi'tion  in  Bteum  box  and  in  Ji*t.    Jet  tube  loosening^ 

'Data  iu  pareotheaeH  are  approximate,  aud  inferred  from  the  luat  value. 
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The  (lata  muler  B,  for  heights  respectively  H  =1.5,  3.8,8.0  cm.  above 
the  nozzle,  are  more  outspoken.  The  uoncyclic  linear  character  of  the 
curves  and  the  positive  slopes  are  sustained  more  or  less  throughout, 
but  particularly  at  if  =  8  cm.,  when  the  jet  is  broader  and  the  axial 
observations  more  certain.  Initial  temperatures  and  slopes  are  summa- 
rized under  D. 

C  contains  a  few  supplementary  results  for  positions  Hj  near  the 
nozzle.  The  temperature  6  of  the  medium  is  given.  It  is  absent  in  the 
earlier  work.  The  second  set  under  G  is  again  negative,  like  the  first 
under  A,  showing  the  great  difficulty  in  obtaining  the  temperatures 
very  near  the  nozzle,  where  the  jet  is  narrow.     Section  60. 

In  the  summary  J>  the  initial  temperature  <„  at  P  =  0,  in  its  depend- 
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Fio.  25. — Chart  sbowini^  the  iiicreaso  of  temperature  for  dili'eront  pressures  actuatiug  the  Hteum  jet- 

ence  on  the  height  above  the  nozzle  is  the  interesting  datum  and  is 
given  graphically  in  the  chart,  fig.  25.  (Contrary  to  my  expectations 
(for  the  temperature  of  the  medium,  etc.,  was  not  always  taken),  these 
values  (f„)  form  a  curve  of  well-marked  contour.  I  will  discuss  it  below 
sections  59,  69,  and  here  merely  remark  that  at  any  height  above  the 
nozzle  the  character  of  the  variations  of  the  jet  temperature  {t)  with  the 
actuating  pressure  (P)  is  such  that  when  P  approaches  zero  t  reaches 
a  detinite  limit  greater  than  zero,  and  definitely  decreasing  with  ff, 

56.  Errors, — After  these  encouraging  results  I  resolved  to  perfect 
the  method,  taking  into  account  the  chief  causes  of  the  discrepancies 
enconnto-ed.  The  occurrence  of  supersatnration  in  the  steam  box  may 
be  (lisinisseil,  for  the  steam  tjirries  here  for  some  time  and  the  obser- 
vations under  A,  Table  8,  are  proof  against  it.     Similarly,  progressive 
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leaks  in  the  pipes  (a  probability  in  case  of  the  second  set  under  C)  are 
soon  discovered.  Drops  are  apt  to  condense  on  the  thermoelectric 
junction  and  distort  the  results.  Tlie  junction  should  be  inclined  so 
that  drops  may  run  off. 

There  remain  three  other  chief  sources  of  error-^viz,  the  irregularity 
of  the  air  temperature  in  a  heated  room  in  winter,  its  ulterior  disturbing 
effect  on  the  torsion  galvanometer,  and  the  difficulty  in  placing  the 
junction  axially  in  the  jet.  As  for  the  room  temperature,  if  the  jet  is  to 
discharge  freely  into  the  air,  the  difficulty  is  well-nigh  insuperable  in 
winter,  for  cold-room  temperatures  alone  are  not  sufficient  to  bring  out 
the  whole  phenomenon.  A  season  of  variable  temperatures  and  a  room 
not  heated  are  the  desiderata,  but  which  were  not  forthcoming  during 
the  course  of  my  work.  Perhaps  a  very  wide  vertical  funnel  shaped 
tube,  with  a  narrower  tubular  opening  in  the  bottom  containing  a  ther- 
mometer to  register  the  temperature  of  the  inflowing  air,  and  the  jet 
axially  fixed  and  playing  vertically  upward  above  the  bole,  might  prac- 
tically leave  the  surface  conditions  unchanged,  but  I  have  not  tried  it. 

Aside  from  this,  the  chief  error  in  the  results  of  Table  8  is  the  insuf- 
ficiently i^erfect  axial  adjustment  of  the  thermocouple.  This  is  proved 
by  the  fact  that  the  curves  tend  to  become  smoother  when  the  meas- 
uring junction  is  moved  from  points  near  the  nozzle  to  the  wider  parts 
above.  Where  the  jet  issues  its  width  is  not  much  above  one-sixteenth 
of  an  inch,  and  within  this  tine  filament  the  radial  distribution  of  tem- 
perature falls  off  from  (say)  100°  to  (say)  20o.  The  upper  parts  of  the 
jet  may  be  5  or  even  10  cm.  in  maximum  width.  (Of.  section  58.) 
Again,  an  obstruction  like  the  junction  tends  to  deflect  the  jet  unless 
everything  is  quite  symmetrical.  Hence,  it  is  only  natural  that,  with 
increasing  pressure,  the  assymmetry  should  also  vary.  In  this  way 
the  negative  slopes  of  observations  near  the  nozzle  are  sufficiently 
accounted  for,  as  will  be  more  fully  shown  in  section  60.  Tempera- 
tures near  the  nozzle  are  apt  to  be  measured  too  low. 

If  the  junction  be  too  near  the  nozzle,  the  flow  of  steam  is  possibly 
diminished;  but  I  do  not  think  this  difficulty  has  entered  my  work. 
The  construction  of  the  steam  box  is  such  that  pressures  must  be  the 
same  at  the  tube  of  the  manometer  and  at  the  junction  of  the  thermo- 
couple in  the  box.  Instead  of  the  pressures  in  the  steam  box,  the 
computed  pressures  in  the  nozzle  might  have  been  given;  but  the 
former,  being  data  of  observation,  are  preferable. 

57.  Further  data.  High  temperature  environment — Hence  in  my 
remaining  experiments  the  slide  8ui)porting  the  thermoelectric  junc- 
tion was  rigidly  attached  to  the  nozzle,  and  great  precautions  were 
taken  to  secure  an  axial  adjustment.  As  a  result,  negative  slopes  have 
not  again  been  encountered  and  the  curves  show  greater  smoothness 
and  consistency  throughout. 

In  Table  0  the  medium  is  at  the  relatively  high  temperature  o  =  26^ 
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to  27°.  Under  these  circumstances  the  visible  part  of  the  steam  jet 
was  about  50  cm.  loug  and  5  cm.  in  diauieter.  As  Table  9  shows 
(data  for  P),  the  work  was  usually  done  cyclically,  but  the  curves  are 
not  cyclic. 

In  the  part  A  of  the  table.the  hot  junction  was  in  the  steam  box  and 
its  t-emperature  therefore  T\  from  which  t  is  computed.  In  the  part  B 
the  hot  junction  was  placed  in  the  jet  tube  just  below  the  nozzle. 

The  chart  PI.  I  accompanies  this  table,  and  observations  A  are  indi- 
cated by  circles,  observations  B  by  crosses. 

Table  9. — Change  of  temperature  at  a  given  axial  point  of  the  jet,  tcitk  the  actuating  nteam 

pressure.     Barometer  70  cm. 

A.     //=iO.Ocm.    Medium  27^  C." 


T-t 


11.5 

104.0 

103.  2 

77.6 

25.6 

25.9  1 

108.4 

107."  5 

77.2 

30.3 

44.6  1 

113.  4 

112.4 

77.8 

34.6 

67.6  1 

118.7 

117.6 

81.0  , 

36.6 

51.3 

115. 7 

114.7 

78.6  : 

36.1 

34.7 

110.7 

109.8 

79.4  , 

30.4 

9.5 

103.3 

102.5 

77.5 

25.0 

dt 
dp 


,'« 


0.060 
76.8^ 


//  -2.5  cm.     Medium  27°  C. » 


- 

- 

—      _       __ — 

- 

9.7 

103.4 

102.6 

03.4 

28.3 

109.2 

108.3 

G4.3 

48.7 

114.5 

113.5 

67.0 

38.  S 

111.9 

111.0 

G5.0 

24.7 

'.        108. 2 

107.3 

61.2 

12.8 

101. 4 

103.6 

03.6 

39.2 
44.0 
36.5 
45.4 
43.1 
40.0 


H— 15  cm.    Me<lium  27°  C.» 


0.090 
02. 3^ 


9.8 
25.3 
46.8 
62.7 
52.6 
34.0 
15.8 


103.4 
108. 3 
114.0 
117. 7 
115.4 
110.6 
105.4 


102.6 
107.4 
113.0 
116.6 
114.4 
109.7 
104.6 


34.3 : 

35.3  I 

36.3  I 
36.7  . 
36.2  I 
35.5  . 

35.4  , 


68.3 
72.1 
76.7 
79.9 
78.2 
74.2 
09.2 


0.044 
34.0<5 


if=^31  cm.     MiMliuni  27.5°  C 


16.2 

105.5 

20.1 

108.5 

45.2 

113.6 

54.9 

115.9 

34.5 

110.7 

10.0 

103.4 

104.7 

27.0 

IU7. 0 

27.7 

112.6  1 

28.5 

114.  9  1 

28.5 

109.8  ' 

28.1 

102.6  , 

26.7 

77.7 
79.9 
84.1 
86.4 
81.7 
75.9 


0.056 
26.  (P 


H.     //  -0.7  cm.     Medium  25^.  (\« 


9.7 

103.4 

102. 6 

80.1 

32.0  1 

110.2 

109.3  , 

81.3 

51.2  1 

115.1 

114.1   1 

8:3.2 

43.0 

113.  I 

112.1 

82.7 

20.8 

106.8 

106.0 

81.1 

22. 5  0.  070 

28.  0  '         79.  4° 

30.9    

29.4    

24.  9  , 


>  Hotjunctiou  in  Ht«am  bux. 


'  Hot  Junction  junt  Indow  nozzle, 


Bui.  12,  Weather  Bureau.  U.  S.  Dept.  of  AgricuKu-^*-. 


Plate  I. 


Curves  // showing  the  increase  of  temperature  (onllnates)  for  tht*  different  pressures  (abscissas 
in  cm.  of  Hj?)  actuating  the  steam  jet  at  different  helKhtK  (H  in  em.  i  aiwve  the  nozzle. 

Curves  /'showins:  the  limiting  value  (P—0)  of  the  temperature  (onlinat*»s),  at  different  heights 
above  the  noKxIe  (abscisBaR  In  cm.)  when  the  actuating  pressure  approaches  zero. 
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Table  iK^  Change  of  temperature  at  a  ffircn  (uial  point  of  the  jet  ^  with  the  actuating  steam 

pressure.     Barometer  7't  cm. — Continued. 

ri=2.9  cm.    Metlium  26o  C.' 


r 


T—t 


dt 
dp 


.U 


10.5 

io:i. « 

102.8 

53.  7 

69.1 

31.7 

no.o 

109.1 

56.8 

52.  3 

73.3 

120.  0 

118.8 

60.9 

57.9 

58.0  1 

116.6 

115.5 

59.1 

56.4 

40.4 

112.  4 

111.5 

57.5 

54.0 

19.6 

106.5 

105.7 

65.4 

40.3 

n 

io:l  1 

=5.2  cm. 
102.3 

Mediimi  27° 

C 

9.0 

46.4 

55.9 

33.2  1 

110.4 

109. 5 

48.0 

60.9 

44.9 

113.5 

102.5 

50.  0 

52.5 

21.6  ; 

107.2 

lUti.4 

47.  9 

58.5 

10.3  1 

103. 5 

102.  7 

46.9 

55.  8 

52.2 

115.4 

114.4 

49.6 

64.8 

0.110 

52.90 


0.093 
45.70 


'  Hot  juuctiouj list  Ix'low  noz/h\ 
C.     srM.\lAUY:  P-  O. 


//=0.9fni. 

^2.5 

=  .  15      - 

=  .31 


t.,=76. 8^ 

=62.30 
=34.  0^ 
=26. 0' 


dt 
dp 


=0.060 

.090 
.044 
.056 


ir=o.7 

cm. 

r« 

=79, 40 

dt 
dp 

r^O.070 

-2.9 

-5.2 

52.90 
45.70 

.110 
.093 

Taking  these  results  as  a  wliole  (PI.  I),  tlie  linear  relation  of  the 
ti*inperature  at  any  given  i)oint  of  the  jet  and  the  actuating  steam 
pressure  can  no  longer  be  doubted.  The  groups  A  and  B  are  distinct. 
This  is  best  seen  in  the  summary  0,  Table  9.  If  the  limiting  tempera- 
ture {to  for  /*  =  0)  at  divers  heights  in  the  jet  be  constructed,  the  two 
loci  "P  =  0"  of  the  chart  are  obtained.  They  are  alike  in  character 
(section  59).  Th<»ir  difterence  is  such  as  to  imply  a  colder  medium  in 
the  case  By  probably  much  colder  than  the  data  actually  observed. 
(Section  60,  end.) 

Moreover,  the  slopes  of  the  lines  A  are  as  a  rule  smaller  than  those 
of  B;  but  here,  as  in  the  case  of  the  variation  of  the  slope  with  the 
position  H  of  the  point,  the  evidence  is  not  certain.  The  distortion  is 
largely  due  to  the  fact  that  an  axial  position  of  the  junction  was  not  uni- 
formly obtained,  and  for  this  reason  the  changes  of  slope  are  irregular. 
A  mean  value  for  each  set  A  and  B  will  best  represent  the  conditions, 
aside  from  H. 

58.  Data.  Loictemperature  environment. — Table  10  contains  results 
for  a  steam  jet  discharging  into  cold  air.  At  15'^  C.  the  appearance  as 
compared  with  the  foregoing  is  quite  striking,  for  the  jet  has  now  fully 
doubled  its  former  dimensions, '  being  about  a  meter  long  and  10  cm.  in 
diameter.    This  indicates  the  importance  of  a  more  accurately  defined 


'Barus:  Am.  Meteo.  Jour.,  x,  p.  11,  1893. 
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and  constant  air  temperature  than  the  present  pai)er  evidences,  and  is 
in  keeping'  with  my  earlier  results '  on  the  contours  of  the  o])aque  field  in 
Chapter  III.  lieeause  of  these  swollen  dimensions  of  the  Jet,  the  axial 
adjustment  of*  the  thermocouple  is  more  easily  made  (probably)  j  at 
least  the  present  observations  are  the  smoothest  of  the  whole  series 
A  few  alterations  were  made  at  tlie  manometer,  a  wider  tube  and  a 
glass  scale  being  inserted. 

The  two  parts  A  and  J9  of  the  table  differ,  as  explained  in  the  foot 
notes,  and  the  summary,  (3,  contains  the  derived  results. 
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Tablk  10. — Change  of  temperature  at  a  giveti  axial  2^*>int  with  the  actuating  steam  pressure. 

Barometer  70  em. 

A.     /7=1.1  cm.    Modinni  20O;  (lalv.  12-^  C.  a 


P. 

r.' 

Cm.  Hff. 

9.2 

34.6 

40.1 

56.2 

°(?. 
103.2 
110.7 
114.5 
116.2 

T. 

102.4 
109.8 
113..') 
ll.'i.  1 

100  — «. 


T—t. 


dt 
dp 


,«« 


71.6 
74.3 
76.3 
77.4 


30.8 
35.  5 
37.2 
37.7 


0.120 
70.4° 


IJ.     //— 0.4nn.     Medium  17.  5'' ('.     T"     10n.2o  (cM»ii8tant).  6 


13.1 

104.5 

103.  7 

82,9  i 

26.9 

108.6 

107.7 

84.6 

42.0 

112.7 

111.7 

86.9 

20.8 
23. 1 
24.8 

0.124 
81.  :p 

TT-^  0.  8  cm.     Modiiiin  17.  0°  C.  b 


15.7 
31.5 
41.8 


105. 4 
110.  0 
112.7 


104.6 

80.8 

109.1 

82.7 

111.7 

84.1 

23.8 
26.4 
27.6 

0.127 

78. 70 

H  -2.5  cm.     Meilinm  M.^R  O.  h 


11.6 
33.0 
44.3 


1(U.0  I 
110.4  ' 
113.4 


103.  2 
109.  5 
112.4 


60.1 
62.7 
64.0 


43.1 
46.8 
48.4 

0.120 

58.6° 

ff =4.6  cm.    Medium  18.  (P.  h 


8.2 
26.7 
39.4 


102.8 

102. 0 
107.7 
111.3 

1 
46.2    

.'>5.8 

108.  6  ' 

50.0    

iil.  7 

112.2 

•)^.  •>       ....... 

58.  8 

0.204 
44.40 


aHot  Junction  in  Hteam  box.  />  Hot  jnii^'tioii  in  boiliu;i-point  Apparatus. 

G.     Summary,  /'-  ().     Medium  17o_i8.(r. 


J7  =  0.4  cm. 

0.8 

r.=  8i.3^ 

78.7 

(It 
ilp 

=  0.124 
.127 

(1.1) 
2.5 

no.  4) 
58.6 

(.120) 
.120 

4.6 

44.4 

.  204 

•  Aitkeu's  observations  on  the  etfect  of  cold  on  jets  are  given  in  }*roc.  Koy.  Soc, 
u,  p.  4U,  1892. 
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The  chart  PI.  II  aecompanies  this  table,  the  height  ^of  the  point 
of  observation  being,  as  usual,  marked  on  the  lines.  The  data  of  the 
sammary  (/*=0)  are  inscribed  ou  the  right  side  of  the  chart,  and  they 
are  consistent  throughout,  showing  a  curve  of  tlie  kind  already  met 
within  the  earlier  results,  but  with  a  clear  tendency  to  become  tangent 
to  a  lower  asymptote. 

The  marked  feature  of  these  results  is  the  large  values  of  the  slopes, 
thus  bearing  out  the  inferences  made  in  case  of  the  preceding  tables, 
where  the  slope  was  found  to  increase  when  the  temperature  of  the 
medium  decreased.    (Section  57.) 

59.  Longitudinal  distrUmtion  of  temperature, — Having  obtained  a 
satisfactory  expression  for  the  variation  of  temperature  at  any  axial 
point  of  the  steam  jet  when  the  actuating  pressure  varies,  the  next 
results  to  be  sought  for  are  the  distributions  along  the  axis  from  point 
to  point,  as  well  as  the  rjidial  distribution  within  any  right  section. 
Some  notion  of  the  former  of  these  cases  has  already  been  obtained 
from  the  datii  of  Table  8  to  10  or  Plates  I  and  II;  for  by  selecting  all 
the  valuesof  the  jet  temperature  which  correspond  to  a  giv^en  i)ressure 
(for  instance.  P  =  0),  the  dependence  of  the  stated  tem[)erature  of  the 
height  H  of  the  point  above  the  nozzle  appears.  This  method  is  not 
apt  to  give  the  best  results,  however,  owing  to  the  fact  that  the  tem- 
perature of  the  medium  and  other  secondary  conditions  are  apt  to  vary 
during  the  long  intervals  of  observation. 

I  have  therefore  made  special  observations  on  the  longitudinal  dis- 
tribution of  temperature  by  using  the  jet  with  attache<l  slide  shown  in 
fig.  2i,  and  the  results  are  given  in  Table  11,  where  H  denotes  the 
height  above  the  nozzle  at  which  the  temperature  is  t  at  the  constant 
pressure  P. 

The  best  results  obtained  are  those  under  A^  where  tlie  pressure  is 
maintained  at  P  =  oO  cm.  A  full  set  of  measurements  was  also  made 
for  P  =  2,5,  nearly ;  but  unfortunately  the  medium  of  air  was  cohler.  A 
fragmentary  series  was  njade  for  /*  =  7o  cm.,  as  the  available  steam  did 
not  enable  me  to  complete  the  work.  The  medium  here  was  at  a  higher 
temperature  (datum  lost)  than  in  either  of  the  other  series. 

The  data  of  Table  11  are  inscribed  in  the  chart,  PI.  I  (curves  P),  and 
the  probable  nature  of  the  contours  is  shown  clearly  enough.  Owing 
to  the  difference  of  air  temperature,  however,  the  curves  are  not  at 
once  comparable.  Accepting  the  vertical  distributions  given  by  any 
one  of  them,  the  changes  due  to  pressures  are  found  from  Tables  8  to 
10,  above,  as  will  presently  be  shown  (sections  64, 05). 
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Taiile  11. — Ajrial  (listrihution  of  temperature  in  the  steam  Jet. 
A.    (iftlv.,  12>;  modiuiii,  17.5o-18.(P;  baromett^r,  7C«rin.    7*    -  50  cm.  > 


//. 


r. » 


T~t. 


" 



Ctn. 

°a 

oa 

°a 

°C. 

0.5 

114.7 

113.7 

83.1 

30.6 

1.1 

114,7 

113.7 

70.4 

37.3 

1.3 

114. 6 

1 13.0 

72.0 

41.0 

3.2 

114.7 

113.  7 

57.0 

56.7 

6.3 

114.8 

113.8 

48.5 

05.3 

8.1 

114.7 

il3.7 

40.7 

73.0 

12.0 

114.7 

113.7 

34.2 

79.5 

17.1 

114.8 

113.7 

28.9 

84.8 

23.0 

114.0 

113.8 

24.0 

89.2 

35.0 

114.8 
Medium, 

113.7 
160-18°. 

20.5 

/*=:34.5C1 

77.2 

93.2 

B. 

tn.« 

0.9 

108.1 

107.2 

30.0 

2.0 

108.2 

107.3 

05.4 

41.9 

3.4 

108.1 

107.2 

57.5 

49.7 

3.0 

108.1 

107.2 

51.0 

55. 6 

5.2 

108.0 

107.1 

46.  G 

60.5 

7.0 

108.0 

107  1 

40.6 

66.5 

11.8 

108.2 

107.3 

32.5 

74.8 

15.0 

108.1 

107.2 

28.7 

78.5 

20.5 

108.2 

107.3 

24.1 

83.2 

27.5 

108.2 

107.3 

20.  5 

86.8 

('.     M<^ 

dmm?7*:r^ 

irtcuO 

1.2 

120.6 

119.4 

78.3 

41.1 

:{.3 

120.  5 

119.3 

04.  U 

55.3 

5.8 

120.  5 

119.3 

.')3.6 

05.7 

o.n 

3119.0 

118.  5 

44.7 

73.8 

'  Hot  j  unci  ion  in  Hteani  box. 
'H«»t  juuction  in  th<.*  wt7./.W. 
'Steam  low. 

60.  Radial  (listrihution, — The  expansion  of  the  visible  envelope  of 
the  jet  when  the  temperature  of  the  medium  is  decreased  has  already 
been  alluded  to.  (Section  58.)  Inasmuch  as  the  bulk  or  unclear  part 
of  the  jet  is  a  region  of  condensation,  and  the  mantel  or  margin  a  region 
of  evaporation  (for  the  water  globules  here  disappear  by  solution  and 
evaporation),  the  radial  distribution  of  temperature  is  of  considerable 
interest.  One  might  reasonably  expect  the  outer  8urfa<'e  of  the  jet 
(not  too  near  the  nozzle)  to  be  at  a  temperature  below  that  of  the 
atmosphere. 

I  have  commenced  a  study  of  this  subject  since  it  does  not  enter 
directly  into  the  present  work,  and  a  few  data  are  given  in  Table  12. 
Pressure  P  being  maintained  at  25  v.m,  of  mercury,  observations  were 
made  about  12  cm.  above  tlie  nozzle,  where  the  apparent  width  of  the 
column  of  steam  was  about  'IR  -4  cm.  The  radial  position  of  the 
thermoelectric  junction  is  given  in  centimeters  under  r,  so  that  the  first 
position  (r  =  0)  was  in  the  axis,  the  third  in  the  outer  surface  of  the 
jet,  and  the  last  (r  =  4)  in  the  circumambient  aii-. 
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Table  12. — Radial  distribution  of  temperature  in  the  steam  jet 
H—  12  cm. :  P  -  25.0  cm.,  Hg. ;  2  «  r^  2  X  2  cm. ;  medium  18°  C 


r. 

r. 

y. 

1 

t.        t 

1 

1 

("m. 

0 

108. 2^ 

107. 3" 

32.5 

1 

26.0 

2 

16.4 

4 

la.i 

I       Remarks. 


Cei)ter. 
Middle. 
Ed^. 
Air. 


'  Hot  jiiDctiou  just  below  nozxie. 

These  rcvsults  are  also  given  on  PL  II,  in  the  curve  e  a,  of  which  the 
ordinates  are  temperatures  and  the  abscissas  distances  in  centimeters  (r) 
of  the  point  in  question  from  the  axis  of  the  jet,  or  from  the  center  of 
the  right  section,  12  cm.  above  the  nozzle.  Since  the  medium  was  at  a 
temi^erature  of  nominally  18  o,  the  low  temperatures  (16,4:0,  l3,lo)  occur- 
ring near  the  edge  of  the  jet  are  striking  features. 

Owing  to  the  apparently  anomalous  way  in  which  the  air  temper- 
ature enters  the  foregoing  results,  I  carefully  repeated  the  work  by 
surveying  across  the  jet,  keeping  the  junction  on  a  horizontal  line  (high 
H  above  the  nozzle)  passing  through  the  axis  of  the  jet.  In  the  next 
table,  R  is  the  position  of  the  junction  relative  to  this  arbitrary  hori- 
zontal scale,  and  t  the  corresponding  temperature.  P  and  T  denote 
pressure  and  temi)erature  in  the  steam  box,  as  usual. 

Table  13. — Radial  distrihulion  of  temperature  in  the  steam  jet. 


H    -  25  cm.     P  -^  30  cm.     I'    -.  109.5°. 


R. 


R. 


t. 


Cm. 
39.5 
37.0 
34.0 
32.5 


1i. 


o<\ 

Cm. 

o(\ 

17.0 

31.0 

27.0 

17.4 

29.5 

20.6    , 

1'.).4 

28.0 

28.6    ' 

22.5    ' 

1 

26.0 

23.3 

Cm. 
24.0 
22.0 


Of. 

17.6 
16.6 


I 


fl^  - 25  cm .    P ^  50  cm.     T  -  114.7°. 


40 
37 
34 
32 


1 

18.3  1 

30  ' 

28.3 

22 

17.3 

18.6  1 

28 

30.6 

20 

17.2 

19.4 

26  , 

26.5 

40 

17.3  ' 

24.0 

24 

1 

19.5 

1 

^-13cm.     P-  50  cm.     7^114.7°. 


1 

37. 5 

34.5 

32.5 

31.0 

30.5 

29.0 

18.7 
10.0 
19.5 
28.  G 
29.1 
37.7 


27.5 
26.0 
24.0 
22.0 
38.0 
34.0 


34.0 
20.4 
17.3 
17.3 
17.9 
18.3 


32.0 

19.5 

30.0 

32.9 

28.5 

37.8 

27.0 

29.6 

25.0 

17.7 

The  results  are  graphically  shown  in  the  chart,  fig.  26,  where  tem- 
peratures are  the  ordinates  and  points  along  a  diameter  the  abscissa-s. 
The  whole  temperature  variation  occurs  within  the  visible  width  of  the 
jet.    Moreover,,  the  maxima  are  sharp,  so  that  in  a  general  way  one  can 
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put  the  temperature  at  any  point  along  the  horizontal  radius  as  a 
mean  between  the  air  temperature  and  the  corresponding  temperature 
at  tlie  center  of  the  right  section  (axis).  None  of  the  curves  are  quite 
symmetrical,  but  this  is  due  to  incidental  causes,  for  the  Jet  was  not 
quite  vertical  and  the  conveyance  pipes  lay  largely  to  the  right  or  hotter 
part  of  the  jet. 

The  chief  point  gained  in  this  work  is  the  fact  brought  out  that  the 
jet  temperatures  fall  off  radially  into  the  air  temperature,  and  that  they 
do  not  pass  through  a  minimum,  as  was  supposable.  Further  and 
direct  observations  (which  I  will  omit)  showed  the  cause  of  relatively 
cold  temperatures  around  the  jet  to  be  referable  to  an  unequally  heated 
room,  for  the  air  rushing  up  around  the  jet  came  largely  from  the 
floor  and  was  sensibly  colder  than  the  mean  room  temperature. 

61.  Fall  of  temperature  in  the  connecting  pipe, — Tlie  tube  connecting 
the  nozzle  with  the  steam  box  was  made  as  short  as  the  other  needful 


^Fio.  26.— lijidinl  distribution  of  tomporature. 

adjustments  would  permit.  But  a  piece  of  rubber  hose  40  cm.  long 
(including  the  brass  end  pieces),  securely  wrapped  with  cloth  and  non- 
conducting felting,  was  essential.  The  result,  nevertheless,  is  a  differ- 
ence of  temperature  between  the  steam  box  and  the  inner  face  of  the 
nozzle,  as  shown  in  Table  14.  Here  one  of  the  thermoelectric  junctions 
was  placed  in  the  steam  box  as  usual,  and  the  other  in  the  jet  pipe  just 
below  the  nozzle. 

The  fall  of  temperature  is  not  negligible,  but  it  is  not  seriously  large. 
The  interesting  feature  about  it  is,  that  the  difference  of  temperature 
[T — t)  is  clearly  a  linear  function  of  the  actuating  pressure, 

( T— 0  =  0. 70  o  +  0.0003  P, 
as  is  shown  by  the  curve  mn  of  PI.  IT.  Thus,  in  a  smaller  scale,  the 
inferences  ami  observations  of  sections  57,  58  (curve  // )  are  repro- 
duced, even  in  the  case  of  restricted  expansicm  in  pipes.  The  curve 
m  n  is  such  as  to  imply  a  definite  difference  of  teniperature  (0.7  ^C).  even 
when  the  actuating  i>ressure   approaches  zero,   ajid  this  difference 
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iiKTcases  with  pressure  at  the  rate  0.00B3  ^C  per  centimeter  of  mercury 
indefinitely. 

Table  14. — IJiatribulion  within  the  injiiupipe.     Jet  1  meter  long,  10 cm.  ivide;  medium  16^. 

[Junctions  respectively  in  the  nozzle  and  in  th«  steain  box.] 


1 

6.0 

22.5  1 

37.6  ' 
46.2 

T. 

102.2 
107.4 
111.6 
113. 8 

101.5  1 
106.5 
110.7 
112.8 

r-t. 

0.72 
.80 
.92 

1.01 

rf(r- 

±'   ;  iT-t>..  ' 

• 

1 

0.0063 
0.70 

With  tliese  very  delinite  results  in  hand  it  is.  easy  to  compute  either 
the  temjierature  or  the  pressure  of  the  steam,  jUvSt  before  leaving  the 
nozzle,  from  the  pressures  observed  in  the  steam  box.  In  view  of  the 
low  room  teiui)erature  (16^)  the  present  test  is  a  severe  case. 

INFERENCES. 

62.  Hiructure  of  the  jet — Before  i)roceeding  to  a  discussion  of  the 
above  data  it  is  in  ])lace  to  insert  a  few  words  on  the  appearance  of  the 
jet  near  the  nozzle.  This  is  found  to  be  strikingly  like  the  Bunsen 
tlame,  where  a  mantel  of  combustion  surrounds  a  blue  cone  of  unburn t 
gas.  So  in  the  steam  jet  the  axis  immediately  above  the  nozzle  is  sur- 
rounded by  a  colorless  spindle-shaped  region,  consisting  largely  of 
uncondensed  vjipor,  which  in  its  turn  is  enveloped  by  the  opaque  mantle 
of  condensation.  The  latter  does  not  reach  downward  quite  to  the  plane 
of  the  nozzle,  but  terminates  in  a  ring  parallel  to  the  nozzle  and  at  a 
distance  about  it  decreasing  when  the  actuating  steam  pressure 
increases  or  the  temperature  of  the  medium  decreases.  Thus,  at  18^  C, 
the  following  values  of  the  heights  (h)  of  the  condensation  limit  were 
found  at  different  steam  pressures  ( p) 

/t  =  O.S     l.l     1.3     1.8     1.5     2.0     1.2     0.9  cm. 
jp  =  44    37     26     13    3     18     29     3(>  cm., 

showing  some  irregularities  due  to  the  difficulty  of  observing,  but  bear- 
ing out  the  statement  made  clearly  enough.  The  condensation  limit  at 
18°  falls  about  0.04  cm.  per  mercury  cm.  of  increase  of  the  actuating 
steam  iiressure. 

Now,  just  as  in  the  case  of  the  Bunsen  flame,  the  contours  are  a  locus 
indicating  the  speed  of  the  chemical  reaction,  so  in  the  case  of  the 
steam  jet  the  position  of  the  ring  in  question  indicates  the  speed  of 
condensation.  From  this  an  important  consequence  may  be  drawn.  It 
is  obvious  that  the  velocity  with  which  the  steam  escapes  from  the 
nozzle  increases  nearly  t<t  the  same  rate  as  the  actuating  steam  pressure. 
It  is  probable  that  this  velocity  falls  off  rapidly  from  the  nozzle  out- 
ward, ^loreover  the  i)osition  of  the  limit  of  condensation  Indicates 
the  height  above  the  nozzle  at  which  the  velocity  of  the  escaping 


88 

steam  outward  is  just  equal  to  tbe  speed  of  coudeusation  moviug  from 
without  inward.  Tuasmuch,  therefore,  as  the  limit  of  condensation 
moves  toward  the  nozzle  when  the  pressure  increases,  the  speed  of 
condensation  must  increase  in  marked  degree  with  the  actuating  pres- 
sure. This  is  equivalent  to  saying  that  the  degree  of  supersaturation 
near  the  nozzle  increases  remarkably  when  the  actuating  steam  press- 
ure increases — an  important  inference  which  will  be  utilized  in  the 
course  of  the  following  work. 

Anticipating  some  of  the  following  results,  the  above  data  may  be 
thus  interpreted: 

The  effect  of  the  above  variations  of  pressure  (m  the  temperature  at 
a  given  point  near  the  nozzle  would  be 

4.40    3.7^    i(P    1.3^    0.30     1.8^    2.00    3.60 
respectively,  and  the  effect  of  the  shifting  in  the  i>osition  of  the  limit 
of  condensation  would  be 

110    9^    70    10    40    00    l)o    110, 
indicating  the  preponderating  influence  in  the  latter  case. 

63.  Character  of  the  aMal  distribution. — At  this  stage  of  progress  it 
is  necessary  to  determine  the  law  of  longitudinal  distribution  of  the 
temperature  of  the  steam  jet  as  accuratt^ly  as  possible.  Looking  at  the 
curves  of  the  above  plates,  particularly  PI.  II,  the  possibility  of  an 
hyperbolic  equation  suggests  itself  by  reason  of  its  simplicity.  Thus 
the  equation 

where  t  is  the  temperature  at  a  distance  h  above  the  nozzle  and  A^  B^ 
and  k  are  constants,  has  the  following  properties:  At  the  surface  of 
the  nozzle,  A =0  and  f=A-f7i.  At  a  point  indefinitely  high  above 
the  jet,  /i=  00  and  /=  +  I?.  Thus,  if  the  assumptions  be  made  that 
indefinitely  near  the  nozzle  and  on  the  outside  the  temperature  is  100^, 
A +  2?  =100,  the  value  of  B  should  be  the  air  temperature  of  the  room; 
but  it  is  quite  diflicult  to  know  what  the  efficient  air  temperature 
actually  is  in  a  heated  or  steam-chiirged  room.  A  trial  suggests  i?  =  14  ^ 
whereas  the  measured  room  temperature  beh)w  the  jet  was  about  17^. 
If  fe  be  then  computed  for  A  =  8(i  and  7?  =  14  from  Table  11  (A),  as 

^  -  h(f-B) ^^^ 

the  values  fluctuate  around  A:=0.35.     Compared   with  the  observed 
values  of  t  (Table  11  A),  the  computed  values  show  discrepancies  as 
large  as  5^  where  the  observational  errors  lie  certainly  within  1^.    The 
etpiation  is  therefore  to  be  dismissed. 
Aside  from  this  a  direct  test  can  be  made  on  the  insufficiency  of 

equation  (1)  since  and  //  if  plotted  in  terms  of  each  other  must 

C  —""  It 
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give  a  strfiight  line.  As  the  approximate  value  of  B  is  given,  succes- 
sive trial  values  of  t^B  may  be  compared.    Thus,  the  shortcomings  of 

(1)  become  manifest. 

64.  Exponential  constants. — In  general  it  is  scarcely  probable  that  a 
simple  equation  would  express  the  complicated  phenomenon  of  the  jet. 
I  have  therefore  worked  backward  from  the  data  of  Table  11,  as  follows : 
The  observations  of  part  A  are  so  made  that  the  corresponding  finite 
increments  of  temperature  M  and  of  height  ^H  can  be  easily  com- 

pared,  and  the  points  of  the  curve  are  close  enough  together  that  —= 

will  be  nearly  the  same  as  the  dift'erential  coeittcient  ,,-,  where  dti&  the 

dh 

infinitesimal  increment  of  temperature  corresponding  to  the  increment 

of  height  dhj  at  the  axial  point  h  centimeters  above  the  nozzle.    Instead 

of   ,,  it  is  practically  more  convenient  to  take    .  ^  because  these  data 
dh  at 

lie  within  more  convenient  limits.  If  ^^  be  compared  with  t  graphic- 
ally, the  locus  is  strongly  curved  and  does  not  show  any  marked  sim- 
plitication  over  the  integral  locus  for  h  and  t.    If,  however,      -  and  h 

be  compared,  the  locus  is  much  flatter  than  before,  so  that  a  simple 
exponential  form  can  reach  it.    Put  therefore 

-^'*=10«-1 (2) 

at  • 

where  B  is  a  constant,  or 

remembering  that     -  is  negative  throughout.      Plotting  the  data  of 

at- 

(2)  graphically,  viz,         as  a  function  of  A,  it  is  seen  that  the  linear 

character  is  actually  sustained.  B  may  therefore  be  computed,  and 
the  results  are  given  in  Table  15,  h  being  the  height  of  the  middle  of 
the  increment. 

Table  15. — Comparinon  of  .;  and  h  of  Table  llyA,  assuming  that  lof/ll — -rr)  =Bh, 


dh 

1 

dh 

h 

dt 

B 

h 

dt 

B 

0.8 

0.090 

10.0 

0.600  . 

0.0204 

1.2 

.05a 

.0187 

14.5 

0.060 

.202     ■ 

2.2 

.125 

.232 

20.5 

1.58 

.  201     ■ 

4.2 

.250 

.23] 

25).  5 

2-70 

.193 

6,7 

.300 

.199 

Mean. 

B  - 

0.020 

If  the  iH>ints  near  the  nozzle  where  observation  is  difficult  and  uncer- 
tain be  overlooked,  the  group  of  values  thus  obtained  is  good  enough 
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to  suggest  farther  inquiry.  Equation  (2)  is  virtually  a  differential 
equiitiou  of  the  second  order,  or  at  least  can  be  easily  put 

d^h  dh  /  dh     ^  \ 

which  on  integration  leads  to 

,„-'«*=  1  —  10-*^'  +  ^^ 
or  to 

2^(/  +  yl)=:_log(l-10-^*) (3) 

and  thus  the  differential  e([uation. 

^'f  =  1  -  10^  '  +  -* (4) 

dh  ^  ' 

corresponds  to  (2). 

If  in  (3),  /fc=  00,  then  i  =  —A;  and  thus  —A  is  the  temperature  of 
the  medium  into  which  the  steam  is  discharged  and  is  approximately 
known  from  observation.  If /i=0, /=  x,  indicating  that  the  tempera- 
tures near  the  nozzle  must  bi3  enormously  high.  Whether  or  not  this  is 
a  real  insutticiency  of  equation  (3)  can  not  be  easily  seen,  for  the  tem- 
peratures near  the  nozzle  do  not  lend  themselves  to  accurate  observa- 
tion. The  remedy,  however,  is  not  far  to  seek;  for  if,  instead  of  2'  the 
equation 

log('l-'J^)=  -logO+M        (5) 

be  evaluated,  the  integral  will  be 

/^{f  +  A)=- log(l-riO-«*) (6) 

in  which  if  /t=  oc,  ^=  — A  as  before;  and  if  /<=  0,  ^=— A—  glog(l  — C) 

and  therefore  remains  tinite,  remembering  that  both  A  and  log  (1— C) 
are  inherently  negative.  It  will  presently  be  seen  that  the  agreement 
with  observational  values  thus  obtained  is  very  good. 

The  convenience  of  equation  (G)  is  manifest,  since  both  H  and  0  are 
obtained  graphically,  and  it  is  merely  necessary  to  compute— A,  the 
quantity  which  symbolizes  the  efficient  atmospheric  t^mi)eratnre.  The 
following  table  shows  a  satisfactory  set  of  values: 

Table    16.— Ta/MC*    of—A,\n    the   et/aaiion    Ji    {t-\-A) —  log  {1—C   10-^^),  when 

Ji  —  f/jJlO,   ('  =  0.977. 


h 

•  t 

t  +  A 

— 1 

obm*rvoil. 

roinpiit(>4l. 

Cm. 

a 

0.5 

HXl 

7l.:i« 

(11.7) 

1.1 

70.  4 

61.17 

15.2 

l..{ 

72.  G 

58.01 

14.0 

:{.2 

57.0 

4:i.  20 

13.7 

5. ;{ 

-18.  5 

:{4.  08 

14.4 

H.  1 

10.7 

20.  44 

14.3 

12.0 

:{4. 2 

10.  72 

14.5 

17.1 

2H.  » 

U.  2l» 

14.7 

2;{.  \) 

24.  0 

y  00 

1.-..0 

X).  u 

20.  :> 

n.  i:\ 

l.V  I 

M»'aii. 

A     - 

14.54  . 

1 

1 
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111  this  table  tlie  values  of  —  .4  for  /*  =  1.1,  23.9,  35.0  cm,  wne  above 
loo,  but  these  observations  w  ere  made  in  the  afternoon,  when  the  room 
temperature  was  about  1°  higher  than  in  the  morning.  The  remaining 
observations  show  a  gradual  increase  of  —  ^,  due  to  the  same  cause 
that  the  room  temperature  was  gradually  rising,  even  during  the  raoni- 
iiig.  The  value  of  —A  for  /i  =  ().5  is  too  low,  also  easily  explained 
because  of  the  difficulties  of  measuring  temperature  near  the  nozzle 
where  the  jet  is  narrow.     Hence  if 

/  =  -  -^  -  T>  log  (1  -  ^'  10-^*) 

the  observations  are  well  reproduced  when  the  constants  are 

-A  =  14.660;  7?  =  0.019  5  0  =  0.977, 
whence 

/t=oo;  t»=-A=14.7o 

hz=0',  ^„=-Mog  (1-0) -A  =  100.80 

Both  to  and  <»  are  virtually  predications  of  equation  (6),  and  the  fact 
that  the  first  lies  so  near  the  air  temperature  and  the  second  so  near 
the  normal  boiling  point  of  water  are  the  important  features  of  the 
equation  taken 

In  the  same  Avay  the  other  series  of  data  B  and  C  of  Table  11  might 
be  discussed.  But  it  is  expedient  to  derive  the  corresponding  curves 
from  the  pressure  variations  found  in  the  earlier  tables,  and  thus  to 
obviate  the  change  of  the  arbitrary  variable  for  the  temperature  of  the 
medium. 

65.  Graphic  digest — Utilizing  the  constants  computed  in  the  earlier 
paragraph,  I  have  constructed  Table  17,  in  which,  together  with  other 
data,  a  full  account  of  the  change  of  temperature,  /50,  along  the  axis 
from  the  nozzle  to  a  height  A,  of  about  a  meter  above  this  point,  is 
given.  These  results  are  graphically  shown  in  the  chart,  PI.  Ill, 
where  (as  usual)  height  in  centimeters  above  the  nozzle  is  the  abscissa 
and  temperature  in  ^C  the  ordinate.  The  observations  are  also 
inscribed  for  the  actuating  steam  pressure  P  =  50  cm.  of  mercury, 
being  Table  11,  part  A,  where  the  temperature  just  inside  of  the  noz- 
zle 18  T=  114'*.  Little  cn-cles  drawn  around  the  points  distinguish 
these  observations  from  other  data  to  be  i>resently  explained.  The 
curve  for  <»  is  drawn  out  in  full.  All  the  observations  coincide  with 
it,  excepting  the  last  two  perhaps.  But  these  were  made  when  the 
air  temperature  was  warmer,  and  their  position  is  therefore  in  accord 
with  this  fact.  The  enormous  fall  of  temperature  within  a  few  milli- 
meters on  either  side  of  the  nozzle  is  well  shown  near  the  origin  of  the 
curve. 
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Tablk  17. — Axial  distribution  of  temperature  in  the  steam  jet. 


/--  — J  — y^log(l  — CIO  -**);  /'=::50om. 

—  J  =  U.54"^;  /y  =  0.019;  0  =  0.977:  T=1U^. 
B '  =  0.0204;  7^' =0.0177. 


Vm. 

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

8.0 

10.0 

12.0 

15.0 

18.0 

20.0 

25.0 

30.0 

35.0 


to 


KUS 
77.0 
66.2 
59.0 

4».  7 
46.4 
41.2 
37.3 
34.3 
30.7 
28.0 
26.5 
23.  6 
21.5 
20.0 


94.80 
71.84 
61.54 
54.76 
49.84 
46.04 
42.96 
38.  21 
34.62 


c(7. 

106. 80 
H2.61 
71.17 
63.60 
M.  03 
53.65 
50.08 
44.53 
40.31 


40.0 
50.0 
60.0 
80.0 
100.0 


18.8 
17.2 
16.2 
15.2 
14.8 
14.  TA 


17.97 
16.63 

19.76 
17.88 

14.95 
14.54 

14.54 

• 

"""28.'66"|"''33.'67" 

24.79 

28.44 

20.34 

22. 87 

SUMMAUY. 

0  cm. 

dt 

dp      «-120 

10 
20 
30 
40 
50 

.057 
.037 
.025 
.018 
.013 

66.  Effect  of  steavi  pressure, — lii  Table  8  the  values  of       lie  between 

0.09  and  0.07;  but  the  temperature  of  the  medium  is  not  given..  In 
Table  0  these  values  lie  between  0.06  and  0.11.  A  relation  to  the 
height  {R)  above  the  liozzle  can  not  be  made  out.    The  medium  is  at 

260  to  270  C.    In  Table  10,  ^*  is  usually  0.12  in  value,  though  there 

is  a  jump  in  the  last  of  the  values  to  0.20.  The  medium  is  usually  17° 
to  I80. 

All  that  can  be  inferred  from  this  is  an  increase  of  the  pressure 
coeflBcient,  when  the  air  temperafcui^e  is  colder,  and  it  may  be  roughly 

rated  as  a  decrease  of  0.0025  for  ,     for  each  degree  of  increase  of  the 

lip 

temperature  of  the  medium.     Throughout  this  paper  the  temperature 

of  the  medium  does  not    enter  sharply,  because  I  worked  in  an 

unequally  heated  room.    The  heat  radiated  by  the  jet  introduces  a 

discrepancy. 

Suppose,  temporarily,  that  ,   =  0.12,  since  the  media  in  tables  10 
and  11  were  nominally  at  the  same  temperature,  and  let  the  variation 

of  .    with  the  height  H  of  the  point  above  the  nozzle  be  overlooked. 
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Then  the  temx)eniture  at  every  point  of  the  axis  of  the  jet  is  0.12o  colder 
tor  each  centimeter  of  decrease  of  pressure.  The  effect  of  a  given  incre- 
ment of  pressure  is  therefore  to  shift  the  position  of  the  curve  (^  and  /t), 
as  a  whole,  in  a  vertical  direction.  This  result  is  the  closest  approach 
to  the  actual  state  of  the  case  which  my  observations  enable  me  to 
make.  But  the  solution  can  not  be  correct,  since  it  involves  thermal 
shifting  of  the  asymptote  {h=  oo),  and  the  results  for  radial  distribu- 
tion of  temperature  (section  60)  show  clearly  enough  that  the  curve 
must  terminate  on  all  sides  in  the  temperature  of  the  air  medium. 
I  have  endeavored  to  get  around  these  difficulties  in  the  following 

way.   Suppose,  as  before,  that  initially  ,-  =0.12,  but  that  it  is  a  variable 

quantity,  falling  off  gradually  to  zero  as  the  height  above  the  nozzle 
increases.  There  is  some  evidence  of  this  in  Table  9,  but  apart  from 
data  the  result  is  necessary.    Solving  the  above  equation  for  ^=0 

<o=-A-^log(l-0) 

where  U  is  the  temperature  just  outside  of  the  nozzle,  and  A,  J5,  and  G 
are  constant,  —A  the  temperature  of  the  medium  (14.540)  retains  its 
fonper  value,  so  that  the  effect  of  pressure  in  changing  to  can  only  be 
represented  by  changes  of  B  and  of  0.  The  effect  on  t  produced  by 
changes  of  -Band  0  may  be  found  by  differentiation;  but  the  results 
are  involved  and  it  is  more  satisfactory  to  make  an  actual  computation. 

Since  the  curve  of  the  chart  corresponds  to  P=50  cm.  of  mercury, 
let  the  curves  f  forP=:  0  and  <"  for  P  =  100  be  computed.  The  initial 
effect  of  pressure  is  therefore  — 6°  and  +6°,  respectively,  so  that 

f=94.8o,  t,o  •■=  100.80,  f//=  106.80, 
and  if  at  first  C  be  considered  constant  (0.977  as  above),  and  B  only 
variable,  the  results  P'=  0.204  and  B"=  0.0177  are  obtained. 

The  data  so  computed  are  also  given  in  Table  17.  They  are  distin- 
guished in  the  chart  by  the  aid  of  dashes  pointing,  respectively,  to  the 
left  upward  and  to  the  right  upward. 

The  first  result  obtained  in  this  is  way  important.  Eemembering 
that  f  to  tso  and  Uo  to  f"  correspond  to  equal  steps  of  pressure  (50  cm. 
of  mercury  each),  and  that  P" — P^= 100  cm.  is  much  above  the  interval 
of  observation,  the  occurrence  of  t^o  as  a  mean  between  f  and  f  shows 
the  above  linear  variations  of  temperature  and  pressure  (sections  57- 
58)  to  be  reproduced.  The  discrepancy  is  rarely  above  O.io^  which 
would  easily  escape  observation.  Thus  far  the  postulate  of  B  vari- 
able with  pressure  accords  with  the  observations. 

If,  however,  the  data  for  ^  be  computed  (see  end  of  Table  17),  they 

dp 

decrease  with  h  rather  more  rapidly  than  the  observations  warrant.    I 

have  shown  this  in  the  chart  near  the  bottom,  where  the  observations 

of  Table  9  are  shown  by  crosses,  these  being  the  only  ones  available. 
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Tabi.k  18. — .ijrial  (I i8lri button  of  trmperature  in  the  sfeam  Jef. 

t^A  =  -^^  (1  — riO-«A). 

f'=  0.977;  C"=0.982;  ("  =  0.970. 
^=0.019;  .^  =  14.54. 


'M 


Cm. 

oc. 

0 

100.8 

1 

77.0. 

2 

66.2 

3 

59.0 

4 

53.8 

5 

49.7 

6 

46.4 

8 

41.2 

t" 

t' 

1 

h 

'«. 

t" 

t' 

^C. 

U\ 

rm. 

T. 

^r. 

'^C. 

1U6.  80 

04.80 

10 

37.3  1 

37.  52 

37. 03 

78.74 

74.75 

,                15 

30.7 

30.  82 

30.54 

66.99 

04.82 

1                20 

26.5 

26.  58 

26.38 

59.71 

.->8. 04 

30 

21.  5 

21.57 

21.45  • 

54.  32 

.53.  04 

40 

18.8 

18.  82 

18.77 

50.10 

40. 1'A 

50 

17.2 

17.22 

17.19 

46.  72 

45.88 

100 

14.8 

14.  83 

14.83 

41.46 

40.84 

oc 

14.5 

14.54 

14.54 

Again,  let  B  in  equation  be  constant  and  C  tlie  variable.    Then  the 

values 

^'=0.970,  0=0.977,  f;"=0.982 

are  obtained  as  before,  iroiu  which  the  data  of  Table  18  are  computed. 

They  are  distinguished  in  the  chart  l)y  points  with  dashes  to  the  right 

and  left  downward.     It  is  seen  that  with  the  exception  of  points  near 

the  origin,  the  curves  /'  and  t'^  run  rapidly  into  ^y),  so  that  even  as 

near  the  nozzle  as  /t  =  1  cm.,  they  could  not  be  easily  distinguished 

with  certainty. 

Hence  it  must  be  possible  to  vary  B  and  T  simultaneously  in  such  a 

dt 


way  as  to  produce  (Contrary  effects  on  f,  and  a  slower  decrease  of 


dp 


than  was  obtained  in  Table  17  will  then  result.  I  will  not,  however, 
carry  this  out,  since  the  data  necessary  to  test  the  results  are  not  in 
hand,  but  will  conclude  with  the  foHowing  general  remark : 

67.  Gonclmion, — All  the  observations  go  to  show  that  the  tempera- 
ture of  the  jet  changes  with  the  actuating  steam  pressure  quite  up  to 
the  ])lane  of  the  nozzle.  In  the  latter  case  when  P  =  0,  the  temperature 
should  be  to  =  100^  (supposing  the  barometer  normal).  If,  therefore, 
the  equation 


be  taken,  whence 


f  +  A=-^log(l  -  6U0-**) 


/,  +  A  =  ->^^log(l-0), 


and  if  the  effect  of  the  medium  be  left  out  of  consideration  (supposing 
its  temjjerature  constant),  then  the  axial  distribution  of  temperature 
for  /*=  0  should  commence  with  t  =  10()o  at  h  =  0,  and  all  other  curves 
of  the  family  lie  bodily  above  this  in  proportion  as  P  is  greater.     In 

other  words,  if  ju  =  _  , 
'  dp 


100  +  /.P  +  A  =  -^log(l  -  C) 
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and  the  problem  then  consists  in  so  determining  R  and  G  that  the  obser- 
vations are  reproduced.  The  vahies  of  the  present  paper  may  be 
regarded  as  approximations. 

I  have  proceeded  in  the  above  purely  experimental  way  because  the 
theoretical  side  of  the  problem  involves  formidable  difticulties.  So  far 
as  I  have  gone  the  phenomena  seems  to  lend  itself  to  a  determinate 
experimental  solution. 


CHAPTER  V. 

DISTRIBUTION  OF  TEMFERATURX:  IN  THE  COLOR  TUBE. 

68.  Points  ofvieic. — In  the  preceding  cliajiter  the  effect  of  the  tem- 
perature of  the  medium  on  the  thermal  topography  of  the  steam  jet  was 
merely  stated  inferentially.  I  shall  in  the  present  chapter  endeavor 
to  obtain  data  of  a  more  specific  character.  Moreover,  the  effect  of  the 
tube  on  the  temperatures  of  the  inclosed  jet  is  to  be  compared  with 
the  case  of  the  free  jet,  both  in  regard  to  the  axial  distribution  of  tem- 
perature as  well  as  to  its  variation  at  any  point  with  pressure.  Kesults 
so  obtained  will  api)ly  more  directly  to  the  colored  cloudy  condensation 
within  the  tube. 

69.  Temperature.  Amal  distribution. — The  first  point  at  issue  is 
the  change  of  temperature  along  the  axis  of  the  color  tube.  It  is  clear 
at  once  that  inasmuch  as  the  opportunities  of  radiation  and  continued 
mixture  are  largely  cut  off,  the  change  of  temperature  must  be  more 
gradual  than  was  observed  lor  the  free  jet. 

To  make  these  mejisurements,  five  holes  were  drilled  into  the  color 
tube  at  suitable  distances  apart,  and  each  hole  provided  with  a  short 
tubulure  so  that  it  could  be  closed  with  a  cork.  When  observations 
were  to  be  made  at  any  point  the  cork  was  withdrawn  and  the  junc- 
tion of  the  thermocouple  (sections  52, 53)  there  inserted.  To  obtain  the 
present  data  it  was  therefore  merely  necessary  to  move  the  couple  from 
hole  to  hole  upward.  As  a  rule,  there  was  little  difficulty  in  securing 
an  axial  adjustment  of  the  couple,  except  near  the  nozzle,  where  the 
narrowness  of  the  jet  introduced  discrepancies  of  the  kind  already 
sketched  above.    (Sections  55, 50.) 

The  hot  junction  was  kept  at  the  boiling  point  of  water  by  the  aid 
of  an  apparatus  for  continuous  ebullition.  Computations  were  made 
as  before.    (Section  54  et  seq.) 

Table  19  shows  the  results  of  these  measurements,  H  denoting  the 
height  of  the  junction  above  the  nozzle  of  the  jet  and  t  the  tempera- 
ture there  observed.  The  pressure  (P)  actuating  the  jet  was  kept  at 
about  30  cm.  of  mercury,  and  fluctuated  within  about  1  cm.  The 
temperature  {())  of  the  inflowing  air  had  the  mean  value  of  17  ^  C. 
though  a  fluctuation  within  1^  C.  was  unavoidable.  It  will  presently 
be  seen  that  the  discrepancies  introduced  by  both  these  irregularities 
are  small.  A  source  of  greater  annoyance  is  the  hot  water,  which  con- 
denses in  the  jet  and  is  squirted  out  against  the  junction  from  time  to 
time.  Observations  must  therefore  be  made  when  the  jet  is  flowing 
smoothly.  In  the  table,  values  of  //  near  the  nozzle  are  put  in  paren- 
thesis because  of  the  uncertainty  of  this  measurement. 
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Plate  M, 


Curyes  HBhowixig  the  increase  of  temperature  (ordinates)  for  the  different  pressures  (abscissas, 

cm.  of  Kg)  actuating  the  steam  Jet,  at  different  heights  (H  in  cm.)  above  the  nozzle. 
Curves  P  snowing  the  values  of  the  temperature  (ordinates)  at  different  heights  above  the  nozzle 

(abscissas  in  cm.)  when  the  actuating  steam  pressure  P  has  a  fixed  value. 
Curve  car  showing  the  radial  distribution  of  temperature  (ordinates)  in  terms  of  the  radius 

(r  in  cm.)  of  a  rignt  section,  where  the  visible  width  of  the  section  is  2  r = 4  <"". 
Curve  m  n  showing  the  difference  of  temperature  (ordinates  magnified  10  times)  between  the 

iiteam  box  and  the  inside  of  the  nozzle,  wnen  pressure  (abscissas  cm.  of  Hg)  varies. 


f 

1 
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Table  19. — I/ongitudinal  thermal  distribution  in  the  oolor  tube, 

P  =  30  cm.  tf  =  17.10  C. 


H 

t 

o<7. 
38.2 
3».  2 
40.5 
44.7 

H 

t 

Cm. 
46 
34 
20 

8 

Cm. 

(1) 
(0.4) 
46.0 

°C. 
82.0 
97.0 
39.0 



70.  Digest  and  chart. — The  values  of  Table  19  are  platted  in  the 
chart,  PI.  IVj  curve  a  6,  the  temperatures  being  the  ordiuates,  and  the 
heights  above  the  nozzle  the  abscissas.  To  bring  out  the  nature  of  this 
curve  I  have  also  platted  the  corresponding  data  c  d,  obtained  in  the 
preceding  chapter,  for  the  axial  distribution  in  the  free  jet.  (Section  59.) 
Thus,  so  far  as  the  evidence  goes,  one  may  assume  that  within  the  first 
5  cm.  of  height  above  the  nozzle  the  two  curves  coincide.  Within  this 
distance  the  jet  retains  its  fi.limentary  outline.  Beyond  the  stated  dis- 
tance, however,  the  curves  diverge  remarkably,  the  one  (a  c  h)  for  the 
inclosed  jet  soon  reaching  a  horizontal  asymptote,  more  than  20^  hotter 
than  the  other,  a  c  d.  If  the  color  tube  were  quite  nonconducting,  even 
a  sharper  inflection  would  characterize  a  c  &,  as  is  proved  by  the  higher 
temperature  of  the  second  of  the  two  points  for  ff  =  46  cm.  in  Table  19 

From  a  comparison  of  the  two  curved  in  question  the  following  impor- 
tant deduction  may  be  drawn,  remembering  that  the  liquid  particles 
are  formed  within  a  few  centimeters  above  the  nozzle:  (1)  Throughout 
those  parts  of  the  inclosed  steam  jet  within  which  the  colored  cloudy 
condensation  originates  the  axial  distribution  of  temperature  may  be 
regarded  as  identical  with  the  corresponding  case  of  a  free  steam  jet, 
ctet  par.;  (2)  Throughout  the  remainder  of  the  jet  (i.  e.,  in  those  parts 
of  the  color  tube  in  which  the  water  globules  are  suspended  after  being 
formed)  the  temperature  is  approximately  constant.  It  is  for  this  very 
reason  that  the  color  tube  presents  a  promising  means  of  studying  the 
gradual  growth  of  water  globules,  in  the  manner  already  stated.  (Sec- 
tion 23.) 

71.  Effect  of  pressure. — If  the  position  of  the  junction  of  the  ther- 
mocouple (H)  be  fixed  and  the  temperature  {6)  of  the  inflowing  air  be 
kept  constant,  then  the  efiect  of  the  actuating  steam  pressure  (P)  on 
the  distribution  of  temperature  (t)  within  the  tube  is  observable. 
Again,  if  for  constant  values  of  P  and  H,  6  be  varied  the  effect  of 
air  temperature  on  the  thermal  distribution  {t)  will  follow. 

The  data  [t)  obtained  for  both  of  these  cases  are  given  in  Table  20, 
those  on  the  left  corresponding  to  constant  values  of  H  (height  above 
the  nozzle),  those  on  the  right  to  constant  values  of  the  temperature  0 
of  the  inflowing  air.  T  denotes  the  temperature  of  the  steam  in  the 
steam  box,  before  issuing  at  the  nozzle,  and  is  computed  from  P.  As 
before,  the  hot  junction  of  the  thermocouple  was  in  the  boiling-point 
apparatus. 
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Table  20. — Tkennal  dUtributian  in  the  oolor  tiihy  varying  with  steam  pressure  and  air 

temperature. 


B = 0.4  om.   e  =s  19.40. 


p 

T 

i 

Cm.  Hg. 

T 
°C. 

t 

oC. 

Cm.  Bg. 

oC. 

oC. 

24.9 

108.2 

97.0 

38.3 

111.7 

97.6 

50.0 

114.7 

88.9 

13.2 

104.4 

96.2 

74.7 

120.3 

100.7 

5.4 

101.8 

95.8 

60.5 

317.2 

99.7 

H=0.4cm.    P  =  29.9  cm.    r=109.5o. 


$ 

(         ' 

1 
«         i 

oC. 

t 

$ 

°C. 

t 

1 

OC. 

or.     ' 

^C. 

''C.     1 

28.3 

96.5 

37.0 

96.2 

24.9 

95.5  ! 

29.0 

96.4 

32.5 

96.1 

22.3 

95.5 

36.6 

96.8 

1 

32.0 

95.5 

37.2 

95.8 

£r=8cm.    9t=20.S°. 


00. 

104.6 

109.4 

ila.l 

117.8 

00.       ' 

Om 

.Hg. 

c 

41.5  1 

83.0 

41.6 

72,0 

41.8    . 

50.3 

42.4  1, 

00. 

122.1 
119.7 
104.8 


00. 
42.7 
42.4 
42.2 


H=Bcm.    P=30.5om.    7=109.6°. 


9 


oO. 
20.8 
28.3 


9 


OO. 
41.6 
43.0 


OO. 
29.9 
87.3 


oC. 
43.4 
46.4 


OO 
37.6 


00. 
46.0 


?=20om.    0  =  17.70. 


Om.  Hg, 
10.4 
25.2 
48.2 


T 

t 

00. 

00. 

103.5 

38.1 

108.3 

38.7 

114.4 

39.5 

Cm.  Hg. 
70.5 
44.1 


00. 
119.4 
113.4 


00. 

39.4 

39.2 


9 

t 

00. 
17.6 
25.5 

OC. 
38.5 
39.3 

n=20ciii.    P=3I.8cin.    T— llO.lo. 


ir-34cin.    0  =  16.40. 


7* 


i  Cm.  Hg. 

00.       1 

1 

or.     ' 

Cm.  Hg. 

or. 

OC. 

20.3 

106.7  , 

37.3 

59.2 

116.8 

3t«.7 

47.2  . 

114.1 

38.5 

1          31.7  , 

110.1 

37.7 

76.3 

1 

120.6 

30.2 

1                   1 
1 
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Tablb  20.-1^ 

lOMl  disi 

• 

ribuHan  in  ike  color  tube,  varying  tn 
temperature — Continnea. 

ir=34cin.    P  =  31.2  cm.    T=  109.8°. 

iih  steam 

I 

1 

e 

t          1 

0 

t 

9 

1 
t 

16.4 
26.0 

37.7 
89.4 

S: 

36.7  ! 
29.1 

=  46  cm 

4.3.8  , 
40.4 

OC. 
22.5 

OC. 
39.4 

.     Or^lio. 

1 

P 

1 

T 

t 

P 

I 

r 

( 

Cm.  iffg. 
15.2 
29.7 
48.5 

1     oa 

1        105.2 
I        100.5 
;        114.4 

^C. 
38.3 
38.4 
39.3 

Cm.  Eg. 
78.8 
63.3 

OC. 
121.2 
117.8 

OC.       ' 

39.3  1 
39.0  ' 

i 

^=^46  cm. 

P— 33.4  cm.    T 

=  110.4°. 

9 

-1 

1 

6 

t 

,      '9 

( 

1 

16.7 
26.8 

OC. 

37.7  , 
88.7 

1 

1 

oC. 
36.5 
29.7 

1 

°C. 
43.6  , 
40.4  ' 

OC. 
20.1. 

or. 

38.4 

Turning  first  to  the  values  for  constant  H  and  0  and  variable  P,  the 
observations  may  be  inserted  in  the  chart  PL  lY,  temperature  {t)  being 
laid  off  vertically  and  pressure  (P)  horizontally.  The  air  temperature, 
^,  and  the  height,  -H,  above  the  nozzle,  are  inscribed  on  each  curve. 

As  before,  sections  57,  68,  these  curves  are  straight  lines,  and  they 
become  rapidly  crowded  together  (conformaly  with  the  results  of  the 

preceding  paragraph)  as  II  increases.    The  data  may  easily  be  sum- 

/?# 
marized  by  giving  the  slopes  ,-  for  each  case,  as  has  been  done  in 

dp 

Table  21. 

Tablk  21. — Color  tube  temperatures^  changing  with  pressure  only. 


dt  . 

R 

B 

dp 

Otn. 

0 

0.4 

19 

0.072 

8 

21 

0.020 

20 

18 

0.025 

// 


9 


dt 
dp- 


Cm. 
34 
46 


o 

16 

17 


0.035 
0.025 


Near  the  nozzle,  therefore,  where  the  temperature- of  the  jet  is  pre- 
sumably  like  the  corresponding  free  jet,  the  pressure  coefficient  -  -  is 

also  of  the  order  of  those  found  in  the  preceding  chapter.  Above  this 
the  value  of  the  pressure  coefficient  falls  off  with  great  rapidity ,  so  that 
throughout  almost  the  whole  length  of  the  color  tube  it  retains  a  con- 

dt. 


gtant  value  of  about  0.026  = 


dp. 
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Hence  the  effect  of  changes  of  the  actuating  steam  pressure  on  the 
temperature  of  the  tube  are  of  secondary  importance,  and  the  reason 
for  this  is  to  be  found  in  the  fact  that  the  air  current  increases  nearly 
proportionally  to  the  steam  current. 

Incidentally  it  is  interesting  to  note  again  the  tremendous  fall  of 
temperature,  T —  f,  observed  when  R  =  0.4  cm.  Thus  within  the  frac- 
tion of  a  centimeter  temperatures  decrease  as  much  as  20^  G.  Within 
8  cm.  above  the  nozzle  they  have  decreased  as  much  as  80°  C,  show, 
ing  the  even  more  marked  effect  of  admixture  with  air. 

72.  Effect  of  air  temperattire. — The  second  part  of  Table  20  is  now  to  be 
discussed  in  a  way  similar  to  the  preceding  case.  Since  steam  pressure 
P  and  height  H  above  the  nozzle  are  now  constant,  the  jet  temperature 
{t)  may  be  laid  oft'  vertically  and  the  air  temperature  6  horizontally. 
To  obviate  confusion  or  crowding  of  the  curves,  it  is  desirable  to  shift  the 
curves,  retaining,  however,  the  same  scale  as  before.    This  is  done  in 


Fio.  27.— Carves  showing  the  temperatare  in  the  axis  of  the  color  tube. 

the  chart,  PI.  IV,  where  the  values  of  ff  and  P  are  given  for  each 
curve. 

The  first  of  these  curves  (for  H=OA  cm.)  diflBrs  in  a  marked  way 
from  the  others.    It  can  not  be  said  to  possess  either  curvature  or  slope, 

and  its  position  is  high  (55^)  above  the  other  curves.     If  a  slope 

/?/ 
be  conceded,  its  value  must  be  less  than  _  =0.02,  proving  that  for 

points  near  the  nozzle  of  the  jet  the  observed  cooling  is  largely  (almost 
wholly)  adiabatic.  This  also  agrees  with  the  inferences  of  the  preceding 
paragraphs. 

The  remaining  curves  for  H=  8,  20,  etc.,  are  all  crowded  together  in 
the  region  of  <  =  40O;  and,  singularly  enough,  they  are  well  indicated 
broken  lines,  with  the  breaks  at  nearly  the  same  place  (26°=^).  This 
behavior  is  at  first  sight  quite  puzzling,  and,  without  passing  hasty 
judgment  on  the  matter,  I  determined  to  continue  the  experiments  under 
altered  conditions.  For  this  purpose  I  put  a  second  steam  drum  into 
the  hot- air  pipe,  section  30,  fig.  14,  so  that  the  range  of  variation  of 
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•6  might  be  sufficiently  iucreased.  Moreover,  observations  were  now 
made  both  with  a  thermo(*/Ouple  as  well  as  with  a  small  bulb  thermom- 
eter. The  results  are  contained  in  Table  22,  the  notation  being  as 
before.  Platting  these  values  in  the  chart,  fig.  27,  in  the  same  way  as 
before,  the  broken  lines  are  obtained  in  both  instances,  with  the  marked 
exception,  however,  that  the  break  now  occurs  at  a  considerably  higher 
temperature,  somewhere  between  d=30^-^^.  These  observations  gave 
me  a  clue  as  to  the  cause  of  the  curious  behavior  obtained,  for  the  rate 
at  which  the  air  is  supplied  by  the  influx  pipes,  even  if  they  are  all  of 
the  same  diameter,  will  depend  materially  on  the  length  and  the  elbows 
in  these  pipes  (eaet  par).  Now  the  hot-air  pipes  are  not  only  larger 
but  more  crooked  than  the  cold-air  pipe.  Hence  there  can  be  no  doubt 
that  less  air  is  supplied  when  the  passage  takes  place  mainly  through 
the  hot  pipes  than  when  it  flows  mainly  through  the  cold  pipes.  It 
follows  that  as  6  is  greater,  the  amount  of  air  supplied,  and  therefore 
it«  cooling  influence,  is  proportionately  less.  There  will,  therefore,  be 
a  different  rate  of  heating  before  and  after  the  cold-air  pipe  is  shut  off. 
This  is  -v^hat  the  curves  (P,  iZ,  chart)  actually  show,  and  the  break 
changes  with  the  obstructions  in  the  hot-air  pipe. 

Table  22. — Thermal  distribution  in  the  color  tube  varying  with  air  temperature. 


H: 

=20  cm. ;  7'= 30  cm.  Hg. 

0 

<» 

9 

0 

e 

V 

0 

V' 

o(7. 

oC. 

oO. 

oC. 

°  c. 

°  C. 

1 
o  C. 

23.2 

41.0 

25.0 

43.0 

25.0 

43.0 

21.8 

41.5 

23.5 

41.4 

25.0 

43.0 

25.0 

43.0 

21.9 

41.5 

27.0 

41.6 

80.7 

43.5 

29.5 

43.1 

26.5 

42.0 

30.0 

41.8 

32.0 

43.6 

30. 0 

43.3 

27.0 

42.0 

33.5 

44.5 

82.8 

43.6 

31.5 

43.5 

27.5 

42.1 

39.0 

45.9 

34.1 

43.0 

32.0 

4?.  2 

29.0 

42.3 

41.0 

46.0 

38.0 

45.0 

;          32.0 

43.5 

29.8 

42.5 

43.0 

46.9 

43.1 

47.5 

35.5 

45.0 

81.0 

43.0 

46.4 

47.7 

37.4 

45.1 

35.7 

45.2 

33.5 

44.2 

46.4 

47.8 

36.7 

44.9 

39.0 

46.2 

34.2 

44.0 

33.5 

43.6 

33.2 

43.9 

40.0 

46.2 

37.0 

45.2 

31.7 

43.6 

31.0 

48.5 

40.0 

46.0 

37.8 

45.3 

24.0 

42.0 

25.9 

42.6 

43.0 

1          43. 0 

47.6 
47.5 

41.0 
41.0 

36.2 
36.3 

1          25. 0 

42.0 

34.5 

43.  7 

24.5 

42.0 

34.0 
31.0 
30.0 
29.0 
24.2 
24.0 

43.7 
42.5 
42.8 
42.8 
42.0 
42.0 

>  Thermocouple. 


•Thermometer. 


To  verify  this,  I  shut  the  cold-air  pipe  off  entirely  and  changed  the 
temperature  of  the  hot  air-by  passing  more  or  less  steam  through  this 
coil.  Curves  thus  obtained  showed  greater  regularity,  and  the  break 
was  nearly  eliminated.  Finally,  by  comparing  these  results  with  the 
datum  obtained  directly  when  the  hot  pipe  is  shut  off  and  the  cold  one 
open,  a  difference  of  several  degrees  of  t  corresponded  to  a  given  value 
of  0  for  the  two  cases. 
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This  shows  the  delicate  balance  which  must  exist  between  the  tem- 
perature of  the  color  tube  at  any  point  and  the  constants  (temperature^ 
flow,  etc.)  of  the  air  supply.  Thus  in  the  chart,  fig.  27,  the  two  parts 
of  the  curves  may  actually  fail  to  coalesce  when  the  velocity  of  the  air 
current  without  change  of  temperature  is  altered  in  an  abrupt  way. 
It  does  not  seem  probable,  therefore,  that  the  point  of  inflection  can  be 
referred  to  a  special  condensation  phenomenon  in  the  jet,  an  inference 
which  I  was  at  first  inclined  to  countenance. 

73.  Mean  coefficients, — ^These  experiments  point  out  certain  short- 
comings in  the  apparatus  (fig.  14),  for  it  now  appears  clearly  enough 
that  for  a  given  influx  hole,  say  2  inches  in  diameter,  the  hot  and  cold 
conveyance  pipes  should  be  larger  than  2  inches.  They  also  show  that 
any  statment  as  to  the  effect  of  the  temperature  of  the  inflowing  air  on 
the  temperatures  of  the  color  tube  is  incomph  te  without  a  qualifying 
statement  as  to  the  amount  of  air  supplied — a  state  of  things  which 
one  might  easily  anticipate,  but  I  was  not  prepared  for  so  large  a  dis- 
crepancy as  that  actually  observed. 

To  obtain  a  datum  for  the  effect  of  the  temperature  of  the  inflowing 
air  in  case  of  an  influx  pipe  about  1  meter  long  and  2  inches  in  diam- 
eter, the  means  of  the  two  branches  of  the  curves  PL  IV  and  fig.  27  may 
be  taken,  for  the  manipulation  was  as  follow^s :  At  the  outset  the  cold 
valve  was  open  and  the  hot  valve  closed.  The  latter  was  then  gradu- 
ally opened  (increasing  the  air  supply  as  well  as  the  air  temperature) 
until  quite  open.  Then  the  cold  valve  was  gradually  closed  (decreas- 
ing the  air  supply  and  increasing  the  air  temperture)  until  quite  shut 
off.  The  two  branches  of  the  curves  thus  represent  symmetrical  cases, 
assuming  that  when  both  valves  are  open  at  least  as  much  air  is 
furnished  as  can  flow  through  the  given  influx  pipe. 

The  following  table  contains  the  results : 


Table  23. — Mean  ooejffioients  for  the  effect  of  air  temperature. 


Thus  the  temperature  at  any  point  of  the  color  tube  increases  about 
0.2O  to  30  for  each  degree  of  increase  of  the  temperature  of  the 
inflowing  air,  and  throughout  a  distance  of  8  cm.  to  50  cm.  above  the 
nozzle.  Near  the  nozzle  ( <  0.4  cm.  above  it),  where  there  is  no  mixing, 
the  effect  is  nil..  It  is  a  maximum  near  the  top  of  the  tube,  where 
mixture  is  most  complete. 


\ 
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Summary. — With  these  experiments  I  have  thrown  about  as  much 
light  on  the  color  phenomena,  seen  by  the  aid  of  steam  jets,  as  lies 
within  the  reach  of  this  purely  experimental  method.  A  part  of  the 
work  could  have  been  refined,  but  such  refinement  would  not,  in  my 
judgment;  lead  to  any  essential  novelties,  unless  they  relate  to  the 
delicate  question  of  the  temperature  and  saturation  of  the  medium  into 
which  the  jet  is  discharged. 

All  the  evidence  goes  to  show  that  the  first  stages  of  cooling  are 
adiabatic,  for  the  temperature  of  points  of  the  steam  jet  lying  near  the 
nozzle  is  nearly  independent  of  the  temperature  of  the  medium  into 
which  the  jet  discharges  (section  72),  so  far  as  examined.  The  amount 
of  cooling  which  takes  place  in  this  way  is  noteworthy,  as  well  as  the 
suddenness  with  which  it  takes  place.  There  is  little  doubt  in  my 
mind  that  this  adiabatic  cooling  would  actually  carry  the  jet  to  the 
point  of  condensation,  even  if  the  discharge  took  place  into  an  abso- 
lutely dust-free  medium.  Thus  the  appearance  of  the  jet  in  this  case 
suggests  itself  as  a  means  of  obtaining  collateral  evidence,  and  the 
experiment  is  soon  to  be  made.    (Section  62.) 

The  second  stage  of  cooling  is  due  to  intermixture  with  air.  It  is 
promoted  by  turbulent  motion  within  the  jet,  and  hence  a  rough  nozzle 
(sections  44  to  46)  or  dust  nuclei  in  the  medium  (section  38)  precipitate 
condensation,  so  that  the  case  of  a  pei^ectly  smooth  jet  in  a  dust-free 
medium  is  again  of  interest.  Here  it  seems  that  condensation  would 
at  first  result  as  the  direct  efi'ect  of  adiabatic  cooling,  and  at  the 
height  of  the  condensation  limit  the  molecules  themselves  became  con- 
densation nuclei. 

As  long  as  the  cooling  is  merely  adiabatic,  many  of  the  conditions^ 
involved  are  open  to  computation.  Let  G  be  the  entropy  of  a  a?  kilo- 
grams of  steam  in  intimate  contact  with  (l—ar)  kilograms  of  water, 
both  at  the  same  absolute  temperature  T,  at  which  the  specific  heat  of 
water  is  C  and  the  latent  heat  of  steam  r.    Then 

G^'^^  +  ClnT (1) 

where  x  is  conveniently  fractional. 

If  therefore  there  were  no  lag  phenomenon  or  no  snpersaturation,  tbis 
equation  is  sufficient  to  show  the  amount  of  water  which  would  separate 
out  of  the  jet  at  each  of  tbe  stages  of  adiabatic  cooling.  Take,  for 
example,  the  case  of  Table  19  (^=0.4  cm.),  where  the  steam  arrives  at 
a  pressure  of  P=  75  cm.  and  an  absolute  temperature  of  120o+  273°= 
3930  C,  and  at  about  0.4  cm.  above  the  nozzle  is  alresidy  cooled  down  to 
100  +  273  =  3730  0.  of  absolute  temperature.  Just  before  entering  the 
nozzle  the  mixture  is  wholly  vapor,  and  therefore 

a?=l;  r=522;  T=3930;  0=1;  (nearly) 
whence  6^  =  7.302  as  the  entropy  per  kilogram  of  escaping  steam. 

1  Cf.  Bertraud :  Thermodynamique,  Chap,  x,  Paris,  1887. 
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At  the  distance  0.4  cm.  above  the  nozzle  this  entropy  can  not  have 
changed,  in  view  of  the  rapidity  of  efflux.  Hence  G=con8tant= 7.302, 
while 

T==  3730  ;r=:  536;  0=1. 
Hence 

a?=(G-ln  T)  ^=0.9(50 

V 

(I—j:)  =0.040 

or  there  must  be  about  40  grams  of  suspended  water  globules  in  each 
kilogram  of  the  mixture  of  steam  and  water,  in  order  to  quite  relieve 
the  strain  of  supersaturation.  It  is  instructive  to  trace  this  phenom- 
enon further,  supposing  the  steam  which  arrives  at  a  temperature  of 
1200  C.  to  be  successively  cooled  in  adiabatic  stages  of  20°.  The  fol- 
lowing table  contains  the  results. 

Table  24. — Condensation  due  to  adiabaiio  cooling, 
[Stoam  iBitially  at  120°.    Entropy  per  Kg.,  7.30.] 


Cooled 

Vapor 

Water 

Cooled 

Vapor 

Wat«r 

to 

present. 
Kg. 

condensed. 
Kg. 

to 

present. 

condensed. 

°C. 

^C. 

Kg. 

Kg. 

120 

1.00 

0.00  I 

40 

0.8( 

0.16 

100 

.96 

.04  ! 

20 

.80 

.20 

80 

.92 

.08 

0 

.76 

.24 

60 

.88 

.12  ' 

—  20 

.',2 

.28 

Hence,  if  there  were  no  cooling  by  convection  or  mixture,  the  steam 
discharged  into  a  medium  of  ordinary  temperatures  would  continually 
condense.  In  general,  however,  the  equation  (1)  is  such  that  the  quan- 
tity of  vapor  J?,  regarded  as  a  function  of  T,  must  pass  through  a  mini- 
mum. Nevertheless,  the  steam  jet,  in  which  there  is  both  condensation 
and  evaporation,  owes  the  latter  property  to  the  soliitional  effect  of  the 
admixed  air.  Adiabatic  expansion  can  alone  increase  the  condensa- 
tion, always  supposing  that  the  jet  is  initially  vapor. 
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Bui.  12,  Weather  Bureau,  U.  S.  Dept.  of  Affrriculture. 
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Chart  showing  the  axial  temperature  in  the  color  tubes,  viz: 
Curve  acb^  axial  distribution  of  temperature  (ordinates)  in  terms  of  height  (abscissas  in  cm.) 

above  the  nozzle. 
Curve  acd^  same  for  a  free  jet. 
Curves  9,  //,  change  of  temperature  (ordinates)  at  a  given  point  (H)  in  terms  of  the  actuating 

steam  pressure  (abscissas In  cm.  of  mercur>'). 
Curves  P,  H.  change  of  temperature  (ordinates)  at  a  given  point  (i/)  in  terms  of  the  temperature 

of  the  inflowing  air  (abscissas  in  °C). 


I 


4 


'v 


(il,A/^U-ii    VV 


BuU«tin No.  13.— W.  B.  No.  100.  PricelO cents. 

V.  S.  DEPARTMENT  OF  AGEIOULTDEE. 
.    WEATHEE  BUREAU.  ^ 

■■■•    *'  ■ 


METHODS  OF  PROTECTION  FROM  THE  SAME. 


WILLIS   L.  MOORE, 


H.  E.  WILLIAMS, 


WASHINGTON; 

WEATHER     BURF.AT]. 

1896. 


I 


1 


/WiU<v  VA 


Bulletiii  No.  13.— W.  B.  No.  1(10.  Pricolfl  rents. 

U.  S.  DEPABTMENT  OF  AGHICXTLTUBE. 

.    WEATHER   BUREAU, 


'^<: 


METHODS  OF  PROTECTION  FROM  THE  SAME. 


WILUS   L  MOORE, 


H.  E.  WILUAMS, 


WASHINGTON: 

WRATRKR      nURR  AIT. 

i89fi. 


LETTER  OF  SUBMITTAL. 


Washington,  D.  C,  June  1,  1896. , 

Sir  :  I  submit  herewith  for  publication  a  revised  copy  of  the  circu- 
lar of  information  entitled  Temperatures  Injurious  to  Food  Products 
in  Storage  and  During  Transportation,  and  Methods  of  Protection 
from  the  Same.  The  paper  includes  the  matter  contained  in  the 
pamphlet  entitled,  Protecticn  of  Fruits,  Vegetables,  and  Other  Food 
Products  from  Injury  by  Heat  or  Cold  During  Transportation,  to 
which  has  been  added  valuable  information  as  to  the  temperature 
conditions  favorable  to  the  safe-keeping  of  food  products  in  storage, 
the  slaughtering  of  cattle  and  hogs  with  a  view  to  the  subsequent 
preservetion  and  curing  of  the  meat,  and  suggestions  as  to  how  to 
best  utilize  the  weather  reports  in  connection  with  the  safe  storage 
and  shipment  of  food  products.  It  is  proper  to  state  that  the  sug- 
gestion which  led  to  the  preparation  of  the  pamphlet  referred  to  was 
received  from  Mr.  A.  F.  Sims,  Observer  Weather  Bureau,  Albany,  N.  Y. 

The  chief  credit  for  the  preparation  of  this  paper  is  due  to  Mr.  H. 
E.  Williams,  Chief  of  the  Forecast  Division,  who  prepared  the  circu- 
lar calling  for  the  information,  and  edited  and  arranged  the  matter. 

Very  respectfully, 

H.   H.   C.   DUNWOODY, 

Assigned  to  duty  as  Acting  Assistant  Chiefs 

In  charge  of  Forecast  Division. 
Willis  L.  Moore, 

Chief  of  Weather  Bureau, 
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TEMPERATURES  INJURIOUS  TO  FOOD  PRODUCTS  IN  STORAGE 

AND  DURING  TRANSPORTATION,  AND  METHODS 

OF  PROTECTION  FROM  THE  SAME. 


The  object  of  this  bulletin  is  to  furnish  information  regarding  the 
temperatures  that  are  injurious  to  food  products  and  other  perishable 
articles,  under  different  conditions  and  during  shipment,  and  to  sug- 
gest methods  of  protecting  the  same  from  extremes  of  heat  and  cold. 
This  information  is  largely  a  compilation  of  the  opinions  of  mer- 
chants and  shippers  in  all  parts  of  the  country,  which  were  received 
in  reply  to  a  circular  letter  sent  out  by  the  Weather  Bureau,  and  it  is 
thought  that  the  bulletin  will  prove  of  interest  and  value  to  the  pub- 
lic generally. 

The  goods  claimed  as  perishable,  and  for  which  protection  from 
excessive  heat  or  cold  is  necessary  are,  all  fruits  and  vegetables,  milk, 
dairy  products,  green  meats,  poultry,  game,  fish,  oysters,  clams,  malt 
and  hop  liquors,  wines,  mineral  waters,  wet,  canned,  or  bottled  gro- 
ceries, ink,  mucilage,  proprietary  medicines,  and  liquid  drugs  hav- 
ing water  instead  of  alcohol  for  a  base. 

In  the  transportation  of  perishable  freight  there  are  three  primal 
objects  to  be  attained : 

1.  The  protection  of  the  shipment  from  frost  or  excessive  cold. 

2.  The  protection  of  the  same  from  excessive  heat. 

3.  The  circulation  of  air  through  the  car,  so  as  to  carry  off  the 
gases  generated  by  this  class  of  freight. 

TBMPBRATUBBS  FOR  SHIPPING  PBRISHABLB  OOODS. 

The  temperatures  at  which  perishable  goods  are  liable  to  damage 
vary  greatly  with  different  commodities,  their  condition  when 
shipped,  how  long  they  may  be  in  transit,  whether  they  are  kept  con- 
tinually in  motion,  etc. 

The  degree  of  cold  to  which  these  goods  may  be  subjected  without 
injury  depends  on  the  time  the  shipment  will  be  on  the  road ;  also, 
whether  it  will  be  unloaded  immediately  upon  arriving  at  its  destina- 
tion, or  allowed  to  stand  some  time.  The  direction  of  shipment, 
whether  toward  a  cold  area  or  away  from  it,  and  the  duration  of  the 
exposure,  as  well  as  the  intensity  of  the  cold,  must  be  considered. 

Shippers  and  agents  concur  in  the  statement  that  danger  in  trans- 
portation by  freezing  can  be  practically  eliminated  by  the  shipment 
of  produce  by  modern  methods ;  the  lined  oar  suffices  in  spring  and 
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autumn,  and  uBually  during  the  winter,  while  in  extreme  weather 
specially  built  cars  are  used.  The  temperature  of  the  produce  when 
put  into  the  car  is  quite  a  factor  to  be  observed.  If  it  has  been  ex- 
posed to  a  low  temperature  for  a  considerable  time  before,  it  is  in  a 
poor  condition  to  withstand  cold,  and  the  length  of  time  so  exposed 
should  be  taken  into  account.  It  is  also  claimed  that  a  car  load  of 
produce,  like  potatoes,  will  stand  a  lower  temperature  when  the  car  is 
in  motion  than  when  at  rest. 

In  ordinary  freight  cars  perishable  goods  can  be  shipped  with  safety 
with  the  outside  temperature  at  20°,  and  in  refrigerator  cars  at  10°. 
In  the  latter,  these  goods  may  be  8)ELfely  shipped  with  a  temperature 
outside  of  from  zero  to  10°  below,  if  the  car  is  first  heated,  and  at  the 
end  of  the  journey  the  goods  are  immediately  taken  into  a  warm  place 
without  being  carted  any  great  distance.  The  better  class  of  refriger- 
ator cars  will  carry  all  perishable  goods  safely  through  temperature  as 
low  as  20°  below  zero,  provided  they  are  not  subjected  to  such  tempera- 
tures longer  than  three  or  four  days  at  a  time,  while  with  the  ordinary 
refrigerator  cars  temperatures  of  zero  are  considered  dangerous,  espe- 
cially if  the  goods  they  contain  be  of  the  most  perishable  kind. 

Gk>ods  at  a  temperature  of  50°  to  60°,  packed  in  a  refrigerator  car, 
closed,  have  been  exposed  to  temperatures  10°  to  20°  below  zero  for 
four  and  five  days  without  injury. 

Shipments  of  tropical  fruits  in  ordinary  freight  cars  cannot  be 
safely  made  when  the  temperature  is  below  30°,  except  in  cases  where 
the  distance  is  so  short  as  not  to  expose  them  for  a  longer  period  than 
twelve  hours,  and  even  then  they  must  be  carefully  packed  in  straw 
or  hay.  The  hardier  northern  fruits  and  vegetables  can  be  safely 
shipped  in  a  temperature  of  about  25°,  but  the  same  protective 
measures  must  be  employed  as  in  the  case  of  tropical  fruits  when 
lower  temperatures  prevail.  Long  exposure  to  temperature  of  20°  is 
considered  dangerous  to  their  safety.  Foods  preserved  in  cans  or 
glass  should  not  be  shipped  any  distance  when  the  temperature  is 
below  the  freezing  point. 

Fish  are  shipped  by  express  and  also  by  freight.  When  shipped 
by  express  they  are  packed  in  barrels  with  ice.  When  shipped  by 
freight  they  are  packed  in  casks  holding  600  pounds  each,  or  in  boxes 
on  wheels,  holding  about  1,000  pounds  each.  When  shipped  in  car- 
load lots  they  are  packed  in  bins  built  in  the  car  and  thoroughly  iced. 
The  amount  of  ice  supplied  should  equal  one-half  the  weight  of  the 
fish.  No  accurate  observations  have  been  kept  of  the  exact  tempera- 
ture fish  keep  best  in,  but  it  is  found  that  they  keep  in  better  con- 
dition when  the  temperature  of  the  box  in  which  they  are  stored, 
with  ice,  is  about  that  of  melting  ice.  Under  favorable  conditions 
fish  remain  sound  and  marketable  for  thirty  days  after  being  caught 
and  packed  in  ice.  The  entrails  of  fish  should  be  removed  before 
shipping,  as  they  are  the  parts  that  most  readily  decay,  and  taint  the 
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flesh  of  the  fish.  This  is  especially  necessary  in  shipping  long 
distances. 

Shucked  oysters,  shipped  in  their  own  liquor  in  tight  barrels,  will 
not  spoil  if  frozen  while  in  transit.  Thick  or  fat  clams  or  oysters 
will  not  freeze  as  readily  as  lean  ones,  as  the  latter  contain  much 
more  water.  Oysters  will  not  freeze  as  readily  as  clams.  It  is  safer 
when  oysters  or  clams  in  the  shell  are  frozen  to  thaw  them  out  grad- 
ually, in  the  original  package,  in  a  cool  place.  Clams  and  oysters  in 
transit  through  a  snowstorm  will  not  freeze  as  readily  as  when  the 
weather  is  fair  and  a  stiff  wind  prevails. 

In  freezing  weather  oysters  and  clams  are  shipped  in  tight  barrels 
lined  with  paper. 

Beer  can  be  shipped  at  an  outside  temperature  of  10°,  if  placed  in 
a  refrigerator  car  and  the  kegs  packed  in  hay  or  sawdust,  and  fresh 
stable  manure,  the  packing  being  6  inches  or  more  all  around.  Bot- 
tled beer  that  has  passed  through  a  low  temperature  during  transit 
should  be  placed  in  a  cellar  and  allowed  to  regain  a  normal  tempera- 
ture slowly,  otherwise  it  is  liable  to  spoil. 

Mineral  waters  and  nonalcoholic  ales  cannot  be  exposed  to  a  tem- 
perature below  30°  for  any  considerable  time  without  injury. 

As  a  rule,  truckers  will  not  haul  vegetables  to  the  cars  for  ship- 
ment when  the  temperature  reaches  20°,  or  lower,  and  in  no  case 
when  it  is  near  32°,  if  raining  or  snowing. 

Articles  shipped  from  tha  North  to  the  South  during  winter  should 
be  in  a  perfectly  dry  condition. 

In  shipping  early  vegetables  to  a  northern  market  from  the  South, 
for  distances  requiring  more  than  forty-eight  hours  to  cover,  open- 
work baskets,  slatted  boxes,  or  barrels  with  openings  cut  in  them, 
should  be  used  to  allow  a  circulation  of  air. 

It  is  not  safe  to  ship  olives  in  any  car,  unless  heated  artificially, 
when  the  temperature  is  below  25°. 

In  shipping  green  meats  the  almost  universal  practice  is  to  ship  in 
refrigerator  cars  where  the  temperature  can  be  maintained  at  any 
desired  degree,  a  temperature  from  36°  to  40°  being  considered  the 
best. 

Fresh  beef  for  shipping  should  be  chilled  to  a  temperature  of  36°, 
although  under  favorable  conditions  it  will  arrive  in  a  good  state  if 
chilled  to  only  40°.  The  cars  should  be  at  the  same  temperature  as 
the  chill  rooms,  and  it  is  considered  very  important  to  have  an  even 
temperature  from  the  time  the  beef  is  taken  from  the  chill  room 
until  its  arrival  at  its  destination. 

In  shipping  long  distances  in  summer,  it  is  necessary  to  re-ice  the 
cars,  the  frequency  depending  on  the  prevailing  temperature,  so  that 
no  fixed  rule  can  be  given.  In  winter,  the  temperature  is  kept  up  to 
36°  by  means  of  stoves  or  oil  lamps. 

If  refrigerator  cars  are  not  used,  the  meat  should  be  wrapped  in 
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burlaps,  and  the  carcasseB  hung  so  as  not  to  touch  each  other.  With 
an  outside  air  temperature  of  50°,  or  below,  in  dry  weather,  meat 
that  has  been  thoroughly  cooled  will  keep  a  week  if  shipped  in  an 
ordinary  box  car.  Pork  is  injured  more  quickly  by  high  temperature 
than  other  meats,  and  greater  care  should  be  taken  with  it  in  storing 
and  shipping.  Sudden  changes  in  temperature  of  from  10°  to  20° 
are  very  injurious  to  green  meats,  and  should  be  provided  against 
when  possible. 

Poultry,'  if  shipped  at  a  temperature  of  50°  and  up,  should  be 
packed  in  ice  and  burlaps ;  if  under  50°,  in  dry  weather,  no  extra 
precautions  are  needed. 

Milk  for  shipping  requires  great  care  to  prevent  souring;  it  should 
be  reduced  after  drawing,  to  a  temperature  of  40°,  which  extracts  the 
animal  heat.  It  should  never  be  frozen,  as  it  becomes  waterv  and 
inferior  in  quality  when  thawed  out. 

Butter  should  not  be  frozen  unless  it  is  to  be  used  soon  after  thaw- 
ing ;  it  freezes  at  15°,  and  whep  thawed  becomes  strong  quickly. 

It  is  important  to  note  that  in  shipping  fruits,  etc.,  many  of  the 
precautions  tajken  in  packing  to  keep  out  the  cold  will  also  keep  in 
the  heat,  and  there  is  really  more  danger  in  some  instances  from  heat- 
ing by  process  of  decomposition  than  from  cold.  All  fresh  fruit 
tends  to  generate  heat  by  this  process.  A  car  load  of  fresh  fruit 
approaching  ripeness,  closed  up  tight  in  an  uniced  refrigerator  car 
with  a  temperature  above  50°,  will,  in  twenty-four  hours,  generate 
heat  enough  to  injure  it,  and  in  two  or  three  days  to  as  thoroughly 
cook  it  as  if  it  had  been  subjected  to  steam  heat.  Suitable  refrig- 
erator transportation  must,  therefore,  provide  for  the  heat  generated 
within  as  well  as  to  protect  it  from  the  outside  heat.  The  perfection 
of  refrigeration  for  fruit  is  not  necessarily  a  low  but  a  uniform  tem- 
perature ;  a  temperature  from  40°  to  50°  will  keep  fruit  for  twenty 
or  thirty  days,  if  carefully  handled.  Strawberries  have  been  trans- 
ported from  Florida  to  Chicago,  transferred  to  cold  storage  rooms, 
and  remained  in  perfect  condition  for  four  weeks  after  being  picked. 

Fruit  that  has  been  subjected  to  a  high  temperature  before  being 
shipped  should  be  cooled  immediately  after  being  loaded.  Ordinary 
refrigeration  will  not  cool  a  load  of  hot  fruit  within  twenty-four  hours, 
and  during  that  time  it  will  deteriorate  in  quality  very  much.  It 
should  be  cooled  in  four  or  five  hours  in  order  to  prevent  fermentation. 

Several  accounts  have  been  published  during  the  past  two  years  of 
experiments  in  the  use  of  sterilized  air  to  prevent  the  decomposition 
of  fruits,  vegetables,  etc.  Car  loads  of  produce  have  been  reported 
shipped  long  distances  without  injury,  and  goods  stored  in  sealed 
chambers  filled  with  sterilized  air. 

The  results  of  these  experiments,  however,  do  not  seem  to  have 
been  such  as  to  lead  as  yet  to  the  adoption  of  this  system  in  any 
considerable  number  of  instances. 
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Precautions  taken  in  shipping  to  protect  from  cold  are,  papering, 
packing  in  straw  or  sawdust,  boxing,  barreling  with  paper  lining, 
shipping  in  paper-lined  cars,  refrigerator  cars,  and  cars  heated  by 
steam,  stoyes,  and  salamanders. 

Cars  containing  perishable  goods  are  sometimes,  when  a  north 
wind  is  blowing  on  the  prairie,  covered  with  canvas  on  the  north  side. 

In  winter  time  refrigerator  cars  are  used  without  ice  in  forwarding 
goods  from  the  Pacific  Coast,  and  in  passing  through  cold  belts  or 
stretches  of  country  the  hatches  are  closed,  and  the  cars  being  lined 
and  with  padded  doors,  the  shipment  is  protected  against  the  outside 
temperature ;  in  passing  through  wairmer  climates  the  ventilators  are 
opened  in  order  to  prevent  the  perishable  goods  from  heating  and 
decaying. 

It  is  stated,  however,  that  for  the  shipment  of  fruit  the  ordinary 
refrigerator  car  is  not  entirely  satisfactory,  and  that  there  is  a  strong 
demand  for  a  better  refrigerator  car  than  can  now  be  obtained.  A 
car  is  wanted  that  will  carry  orages,  bananas,  etc.,  without  danger  of 
chill  through  the  coldest  climates  of  the  country,  as  the  delays  in 
housing  are  injurious  to  the  keeping  qualities  of  the  fruit,  and  the 
dealer  is  also  kept  out  of  the  use  of  his  goods. 

To  protect  goods  shipped  in  an  ordinary  car,  the  sides  of  the  car 
should  be  protected  by  heavy  paper  tacked  to  the  wall,  and  by  the 
addition  of  an  inner  board  wall  a  few  inches  distant  from  the  outer 
one.  A  car  thus  equipped  and  packed  with  produce,  surrounded  by 
straw,  will  retain  sufficient  heat  to  prevent  injury  for  twenty-four 
hours,  the  average  air  temperature  of  all  parts  of  the  car  being  at 
least  12^  higher  than  that  of  the  outside  air.  Cars  are  sometimes 
warmed  by  steam  from  the  locomotive  when  in  motion,  and  by  stoves 
when  steam  is  not  available.  Cars,  after  being  loaded,  are  carefully 
inspected  as  to  temperature  within;  their  destination  considered; 
and,  if  the  weather  is  exceedingly  cold,  or  is  liable  to  be,  the  car  is  often 
accompanied  by  an  attendant;  otherwise  it  is  inspected  from  time 
to  time  on  the  road.  Lined  cars,  that  is,  cars  lined  with  tongued 
and  grooved  boards  on  the  sides  and  ends,  are  considered  the  best 
for  shipping  potatoes,  as  they  can  be  heated  by  ordinary  stove  and 
will  stand  a  temperature  outside  of  20^  below  zero,  when  a  man  is 
in  charge  to  keep  up  the  fires.  The  potatoes  are  packed  in  straw, 
bulkheaded  back,  center  of  car  left  empty,  and  car  filled  as  high  as 
double  lining;  when  the  temperature  is  12°,  or  more,  below  freezing, 
the  rule  is  to  line  the  barrels  with  thick  paper,  and  at  extremely  low 
temperatures,  as  a  matter  of  extra  precaution,  the  barrels  are  covered 
over  the  outside  with  the  same  kind  of  paper,  which  is  considered  the 
best  known  protection  from  frost. 

Oranges  shipped  from  Florida  to  points  as  far  north  as  Minnesota 
are  started  in  ventilator  cars,  which  are  changed  at  Nashville  to  air- 
tight refrigerator  cars,  the  ventilators  of  which  are  kept  open,  pro- 
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vided  the  temperature  remains  above  32°,  until  arrival  at  St.  Louis, 
from  which  point  the  ventilators  are  closed  and  the  cars  made  air 
tight. 

Oranges  loaded  in  ventilated  or  common  cars  should  be  transferred 
to  refrigerator  cars  when  the  temperature  reaches  20°  above  zero; 
in  transit,  with  a  falling  temperature,  the  ventilators  should  be  closed 
when  the  thermometer  reaches  20°,  and  with  a  rising  temperature  the 
ventilators  should  be  opened  when  it  reaches  28°.  For  lemons  the 
minimum  is  85°  for  opening  and  closing  the  ventilators,  and  for  ba- 
nanas 46°  for  opening  or  closing.  Some  shippers  say  that  ventilators 
on  cars  containing  bananas,  lemons,  and  other  delicate  fruits,  should 
be  closed  at  a  temperature  of  40°.  In  shipping  car  loads  of  bananas, 
a  man  is  usually  sent  in  charge  to  open  and  close  the  ventilators. 
Bananas  should  be  put  in  paper  bags  inside  heavy  canvas  bags,  and 
then  covered  with  salt  hay,  but  when  put  in  automatic  heaters  the 
fruit  is  packed  only  in  salt  hay. 

French  mustard  and  aqua  ammonia  are  packed  in  sawdust  and 
securely  boxed,  being  careful  to  allow  the  sawdust  to  form  a  layer 
between  the  articles  and  the  side  of  the  box. 

Eggs  are  packed  in  crates  with  separate  pasteboard  divisions,  with 
a  layer  and  a  cover  of  oat  chaff.  Pickled  eggs  are  injured  by  cold 
sooner  than  fresh  ones. 

Quinces,  apples,  onions,  and  pears  are  packed  in  barrels,  each  layer 
of  barrels  covered  with  and  resting  on  straw. 

Tomatoes,  lemons,  and  oranges  are  packed  in  crates ;  each  layer  of 
crates  in  the  car  is  covered  by  and  rests  upon  straw,  usually  bulk- 
headed  back  from  the  door  and  car  full. 

Shrubs  and  fruit  trees  are  laid  on  straw,  covered  with  it  on  all 
sides,  and  car  packed  full. 

Flowers  are  packed  in  moss,  and  car  filled. 

Flowers,  shrubs,  and  trees  should  have  their  roots  carefully  packed 
in  straw,  and  the  roots  placed  together  in  two  or  three  piles,  so  as  to 
protect  them ;  if  the  roots  are  killed  they  are  of  a  uniform  black ; 
if  only  injured  by  frost  the  root  is  pinkish  in  color  just  below  the 
outer  covering,  and  if  sound  they  are  of  uniform  white.  Even  if  of 
a  dark  pink  color  no  damage  need  result,  if  the  frost  is  gradually 
thawed  out  by  the  trees  being  left  in  the  closed  car  for  four  or  five 
days,  or  else  the  roots  put  well  down  in  the  soil  in  a  horizontal  posi- 
tion and  allowed  to  thaw  out  gradually.  Extra  precautions  are  taken 
with  trees,  etc.,  when  passing  over  mountains,  and  no  shipments 
should  be  made  when  the  temperature  is  likely  to  be  zero  anywhere 
in  the  higher  regions. 

Products  sent  loose  in  a  car  are  packed  in  straw  on  all  sides,  par- 
ticular attention  being  paid  to  the  packing  around  doors,  and  to  see 
that  the  car  is  full. 

Manure  is  largely  used  to  protect  perishable  goods,  the  bottom  of 
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the  car  being  thickly  covered  with  it,  and  in  some  cases  it  is  put  on 
top  of  the  goods. 

The  relation  between  the  outside  air  temperature  and  the  tempera- 
ture within  the  car  varies  largely,  depending  on  the  kind  of  car, 
whether  an  ordinary  freight  or  refrigerator  car,  whether  lined  or  not, 
whether  standing  still  or  in  motion,  and  also  on  the  weather,  whether 
windy  or  calm,  warm  or  cold. 

In  an  ordinary  freight  car  the  difference  ranges  f rcfm  2°  to  15°,  and 
in  a  refrigerator  car  from  16°  to  30°.  If  the  latter  be  provided  with 
heating  apparatus,  the  temperature  in  winter  can  be  kept  at  any  re- 
quired degree. 

From  six  observations  taken  at  intervals  of  ten  minutes  it  was 
found  that  on  a  warm  day,  when  the  mean  of  the  six  readings  outside 
was  68°,  it  was  66°  on  the  inside  of  an  ordinary  freight  sar,  and  63° 
inside  of  an  uniced  refrigerator  car.  On  a  cold  day  the  mean  of  six 
observations  was  38°  outside  and  36°  inside  of  an  ordinary  car,  and 
36°  inside  of  a  refrigerator  car ;  the  car  was  stationary. 

Freight  from  the  Pacific  Coast  to  the  Mississippi  Valley,  or  to  the 
Atlantic  Coast,  has  to  pass  through  several  varieties  of  climate  at  any 
time  of  the  year.  It  is  therefore  obvious  that  at  one  time  the.  tem- 
perature inside  of  the  car  will  be  materially  above  the  outside  tem- 
perature, while  perhaps  a  few  hours  later  it  will  be  below. 

FOOD  PBODUOTS  IN  STORAGE. 

The  best  storage  for  apples  and  potatoes,  and  for  vegetables  gener- 
ally, is  a  well  ventilated,  dry  cellar,  kept  at  a  temperature  between 
.30°  and  46°.  Other  methods  of  storing  potatoes  in  winter  are :  In 
tent-shaped  houses,  ventilated  at  the  top,  and  covered  with  earth  from 
6  to  12  inches  deep ;  packing  in  shallow  pits  in  the  ground  between 
layers  of  straw  or  cornstalks,  a  layer  of  straw  or  cornstalks  on  top 
covered  with  earth,  a  hole  being  left  in  the  top  for  ventilation ;  and 
packing  in  dry  sand  in  cellars. 

Apples  and  potatoes  are  also  stored  in  specially  constructed  barns, 
made  as  nearly  air  tight  as  possible,  fitted  with  crates  or  bins,  and 
supplied  with  heating  apparatus  for  maintaining  an  even  temperature. 

Apples  keep  better  if,  before  storing,  they  are  put  in  piles  out  of 
doors  and  allowed  to  sweat. 

Apples  are  not  rendered  unfit  for  use  by  freezing,  if  allowed  to 
thaw  out  gradually. 

Potatoes  should  not  be  left  in  the  sun  after  being  dug,  as  the  heat- 
ing induces  sweating  and  decay. 

Celery  is  stored  in  an  unfloored,  inclosed,  well-ventilated  shed,  the 
earth  is  well  wetted,  and  the  celery  packed  in  an  upright  position, 
with  narrow  lanes  about,  2  feet  apart,  for  ventilation.  The  tempera- 
ture should  be  kept  as  near  32°  as  possible ;  a  temperature  of  60°  to 
66°  injures  it. 
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Young  fruit  trees,  flowering  shrubs,  and  plants  are  injured  by  tem- 
peratures below  86^.  They  are  stored  in  cellars  picked  in  straw,  and 
generally  shipped  in  the  same  manner  as  potatoes  as  regards  packing. 

Where  fruits,  vegetables,  etc.,  are  kept  in  cold  storage,  the  follow- 
ing temperatures  are  considered  most  favorable,  viz :  for  apples,  apri- 
cots, berries,  buckwheat  flour,  oatmeal,  corn  meal,  cider,  cheese,  cran- 
berries, onions,  dried  or  salted  fish,  furs,  and  woolens,  34°  to  36° ;  for 
sauerkraut,  brined  meats,  lard,  maple  sirup,  dried  fruits,  dried  corn, 
peas,  beans,  etc.,  40°  to  44°. 

Oranges  on  the  trees  will  stand  a  temperature  of  26°  for  an  hour 
or  so,  but  if  exposed  to  that  temperature  for  four  hours  will  freeze 
inside.  Oranges  slightly  frozen,  when  placed  in  a  cool  room  and 
thawed  out  gradually,  are  sweetened,  and  considered  by  some  people 
as  improved,  but  when  frozen  solid  and  thawed  they  have  a  sickish 
sweet  flavor.  When  oranges  have  been  frozen  they  can  be  thawed 
without  injury  by  putting  them  in  cold  water  or  tight  barrels  im- 
mediately after  arrival,  and  allowing  them  to  thaw  out  gradually. 

The  temperature  to  which  lemons,  oranges,  and  bananas  may  be 
exposed  without  damage  depends  largely  on  the  moisture  present  in 
the  air,  a  dry  atmosphere,  with  either  high  or  low  temperature, 
being  less  injurious  than  a  moist  one. 

Tropical  fruits  in  storage  should  be  kept  in  rooms  with  the  tem- 
perature between  60°  and  70°. 

While  a  temperature  as  low  as  freezing  (32°)  will  not  injure  pota- 
toes for  eating  purposes,  yet  they  will  fail  to  sprout  in  the  spring. 

Wines  should  not  be  subjected  to  a  temperature  lower  than  20°  or 
higher  than  72°. 

Fruit  wrapped  in  heavy  brown  paper  will  stand  16°  more  cold  than 
if  not  wrapped. 

Eastern  grapes  bear  low  temperatures  better  than  California  or 
Malaga. 

Canned  tomatoes  when  frozen  become  stringy,  canned  fish  soft  and 
mushy,  lemons  black  and  spotted,  olives  soft  and  rancid,  pickles  soft 
and  unsalable. 

Sauerkraut  ferments  at  90°  and  freezes  at  15°,  either  of  which  con- 
ditions spoils  it. 

All  tree  seeds,  including  peach,  plum,  walnut,  etc.,  sprout  better  in 
the  spring  if  frozen  during  the  winter.  Bulbs,  including  tulips,  lilies, 
and  hyacinths,  are  not  injured  if  subjected  to  a  temperature  below 
zero. 

Cut  flowers  will  keep  three  or  four  days  in  a  temperature  a  little 
above  freezing. 

Fruit  should  be  kept  free  from  decaying  matter  and  filth  of  all 
kinds.  A  spraying  apparatus  for  cleansing  choice  fruit  with  water 
has  been  found  of  value.  Electric  fans  for  ventilating  have  been 
used  to  advantage.    A  free  exposure  to  the  night  air,  especially  when 
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conditions  are  favorable  for  a  heavy  dew,  is  conducive  to  the  preser- 
vation of  both  fruit  and  vegetables. 

Oysters  in  shell  can  be  kept  for  two  months  in  a  dark  place  when 
the  temperature  is  but  little  above  freezing  if  occasionally  sprinkled 
with  ice  water.  Fresh  oysters  in  cans  deteriorate  after  two  weeks  in 
any  temperature  unless  frozen. 

Fresh  fish  are  stored  and  shipped  in  bins  with  cracked  ice,  the  ice 
water  running  over  them  to  keep  them  moist.  Northern  merchants 
sometimes  freeze  fish  for  storage  and  transportation,  but  they  spoil 
more  quickly  after  being  thawed,  and  it  is  claimed  that  the  flavor  is 
injured  by  freezing.  Oysters,  if  likely  to  be  exposed  to  very  low  tem- 
peratures, should  not  be  washed. 

TESMPBRATURBS  FAVORABLB   FOR   SLAUGHTERING   CATTLE 
AND  HOGS  AND  THE  PRESERVATION  AND  OX7RING 

OF  THE  MEAT. 

In  the  slaughtering  of  cattle  and  hogs,  and  the  subsequent  curing 
and  preservation  of  the  meat,  the  temperature  of  the  air  and  of  the 
dressed  meats  is  an  important  factor  to  be  considered.  Opinions 
differ  somewhat  on  some  points  as  to  the  most  favorable  temperatures 
for  these  purposes,  but  the  following  are  considered  reliable : 

Animals  should  never  be  killed  while  in  an  overheated  or  excited 
state,  but  should  be  kept  quiet  for  twenty-four  hours  prior  to  killing, 
and  fed  lightly  on  cooling  food.  Where  cold  storage  rooms  are  available 
in  which  the  meat  can  afterwards  be  reduced  to  any  required  tem- 
perature, the  killing  may  be  done  without  injury  in  any  weather ; 
otherwise,  a  cool,  dry  day,  with  the  temperature  not  above  45°  or  60*^, 
nor  below  20*^,  is  the  most  favorable.  If  the  weather  is  wet  or  damp, 
the  temperature  should  not  be  above  85°  or  40°.  The  killing  may 
be  done  in  warmer  weather  than  this  if  the  temperature  on  the  fol- 
lowing night  falls  to  40°,  or  below.  After  killing,  the  carcases 
should  be  hung  without  touching  each  other  and  allowed  to  remain 
for  twenty-four  hours,  or  more,  until  the  animal  heat  has  passed  off 
and  the  temperature  is  40°,  or  less,  throughout.  Meat  thus  treated 
may  be  shipped  or  kept  for  days  in  a  temperature  of  45°,  or  below, 
in  dry  weather ;  40°,  or  below,  in  wet.  When  the  night  following  the 
killing  is  warm,  the  hindquarters  of  beeves  are  sometimes  split  open 
to  allow  them  to  cool  more  rapidly.  Temperatures  above  50°,  with 
moist  air,  damage  green  meats  very  quickly.  Meat,  and  particularly 
pork,  that  has  been  frozen  and  afterwards  thawed  does  not  keep  as 
well  as  that  which  has  been  simply  chilled.  Pork  intended  for  curing 
should  never  be  frozen. 

It  is  stated  that  frozen  meat  will  spoil  in  sixteen  hours  if  subjected 
to  a  temperature  of  75°.  In  the  Northwestern  States,  where  the 
climate  is  dry,  the  farmers,  between  November  16  and  February  15, 
bang  green  meats  in  the  open  air,  protected  from  the  sun,  and  use 
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from  them  as  occasion  requires ;  meat  thus  kept  is  very  tender  and 
more  palatable  than  that  fresh  killed.  Meat  hung  up  in  the  open 
air  until  the  animal  heat  has  passed  off  is  said  to  keep  better  than 
that  placed  in  cold  storage  immediately  after  being  killed,  and  it  is 
better  to  follow  this  method,  if  practicable,  even  where  cold  storage 
is  available.  After  the  animal  heat  is  all  out,  the  meat  should  be  put 
into  coolers  at  a  temperature  of  50^,  and  the  temperature  gradually 
lowered  for  forty-eight  hours,  until  it  reaches  36°,  and  then  raised 
slowly  to  38°.  The  principal  injury  to  beef  products  is  stated  to 
occur  from  sending  it  from  the  slaughter  house  to  the  chill  room 
before  the  animal  heat  has  entirely  left  the  carcass ;  this  closes  the 
pores,  and  the  meat  retains  heat  and  turns  sour.  From  36°  to  42°  is 
the  best  temperature  for  storage  rooms  for  dressed  meats. 

In  the  case  of  pork  intended  for  curing,  with  cold  storage  avail- 
able, it  is  found  that  a  temperature  which  will  reduce  the  carcass 
within  a  period  of  forty-eight  hours  to  from  36°  to  39°  at  its  thickest 
and  most  vulnerable  points,  viz,  the  center  of  the  ham  and  shoulder,  is 
the  most  desirable.  At  a  temperature  of  40°  a  percentage  of  taint 
is  liable  to  develop,  and  at  anything  over  that  temperature  tainted 
meat  develops  rapidly.  Of  course,  it  is  necessary  to  create  an  atmos- 
phere considerably  under  these  temperatures  in  order  to  bring  down 
the  temperature  of  the  inside  of  the  carcass  at  its  thickest  part  to 
the  degree  mentioned,  and,  therefore,  it  is  found  desirable  to  carry  the 
chill  rooms  at  temperatures  about  33°  to  36°.  It  is  undesirable  to 
reduce  the  meat  to  a  very  low  temperature,  as  its  solid  and  hard 
condition  retards  the  action  of  the  salt  in  penetrating  to  the  center 
of  the  piece,  and  thus  causes  the  process  of  curing  to  be  slower  and 
less  effective.  Attaining  too  low  temperatures  has  been  productive 
of  serious  loss  to  curers,  from  the  fact  that  when  meat  is  over-chilled 
before  the  curing  process  begins,  the  cure,  owing  to  the  causes  stated, 
has  been  retarded,  and  when  exposed  to  the  ordinary  atmosphere  at 
warm  seasons  the  meat  becomes  spoiled.  Some  large  packers  place 
the  hogs  after  being  killed  in  a  temperature  of  from  45°  to  50°  for 
twelve  to  fifteen  hours,  and  then  in  a  temperature  of  36°  to  40°  for 
twenty-four  to  thirty-six  hours.  According  to  some  experienced 
authorities,  the  carcasses  should  not  be  cut  until  thoroughly  cooled, 
otherwise,  the  meat  is  apt  to  sour.  The  curing  should  be  done  in 
storage  rooms  with  the  temperature  about  40°,  the  length  of  time  for 
curing  depending  on  the  cut  and  weight  of  the  meat,  and  ranging 
from  fifteen  to  seventy-five  days.  Storage  rooms  cooled  by  the  ex- 
pansion of  gases  in  tubes  are  considered  better  than  those  cooled  by 
ice,  on  account  of  being  drier.  Dry  salt  pork  for  southern  use  in 
winter  needs  to  be  cured  in  salt  for  thirty  days,  but  for  summer  use 
it  should  have  from  fifty  to  sixty  days'  curing.  Smoked  meats  for 
southern  use  need  to  be  thoroughly  cured,  as  the  heating  in  smoking 
tends  to  damage  them. 
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THB  USE  OF  THB  WEATHER  REPORTS  IN  OONNEOTION  WITH 
THE  SAFE  STORAGE  AND  SHIPMENT  OF  FOOD  PRODUOTS. 

In  connection  with  the  storage  and  shipment  of  food  products  lia- 
ble to  injury  by  heat  or  cold,  much  benefit  may  be  derived  from  an 
intelligent  use  of  the  information  contained  in  the  daily  weather 
reports  and  forecasts  published  by  the  Weatner  Bureau,  which  show 
the  temperature  conditions  prevailing  over  the  whole  country  at  the 
time  of  the  observations,  the  highest  and  lowest  temperatures  that 
have  occurred  during  the  past  twenty-four  hours,  and  the  probable  con- 
ditions that  will  prevail  during  the  next  twenty-four  or  thirty-six 
hours.  These  reports  and  forecasts  are  received  at  nearly  every 
Weather  Bureau  oflSce,  of  which  there  is  one  or  more  in  nearly  every 
State  and  Territory,  and  published  on  maps  and  bulletins,  which  are 
posted  in  conspicuous  places  in  the  city  where  the  office  is  located, 
and  mailed  to  surrounding  towns.  The  reports,  or  a  synopsis  of  them, 
are  also  generally  published  in  the  daily  papers. 

Fuller  information  than  is  obtainable  from  either  of  these  sources 
may  be  had  at  the  Weather  Bureau  office  itself,  from  the  observer  in 
charge,  or,  where  none  of  these  means  are  available,  arrangements 
may  be  made  with  the  observer  to  supply  special  information  by  mail, 
telephone,  or  telegraph.  In  the  large  cities  of  the  country,  dealers  in 
perishable  goods  are  guided  in  their  transactions  very  largely  by  the 
information  thus  obtained.  The  temperature  of  the  region  to  which 
shipments  are  to  be  made  is  carefully  watched,  and  the  shipments 
expedited  or  delayed,  according  as  the  conditions  are  favorable  or 
unfavorable.  Shipments  on  the  road  are  protected  from  injury  by 
telegraphic  instructions  as  to  the  necessary  precautions  to  be  taken. 
As  shipments  in  ordinary  box  cars,  or  as  freight,  are  less  expensive 
than  in  refrigerator  cars,  or  by  express,  advantage  is  taken  of  a  favor* 
able  spell  of  weather  to  use  the  former  methods. 

In  shipping  early  vegetables  north  from  southern  ports  the  weather 
reports  are  utilized  to  determine  whether  to  use  water  or  railroad 
transportation,  the  former  being  the  cheaper.  Dealers  in  certain 
kinds  of  produce,  by  careful  attention  to  the  daily  weather  reports 
and  the  weekly  crop  bulletins,  keep  themselves  informed  as  to  the 
sections  where  conditions  most  favorable  for  large .  crops  have  pre- 
vailed, and  are  thus  enabled  to  judge  of  the  probable  supply  and  to 
know  where  to  purchase  to  advantage. 

As  illustrations  of  the  manner  in  which  advantageous  use  may  be 
made  of  the  weather  reports,  suppose  a  merchant  in  Ohio  has  an 
order  in  January  for  a  load  of  apples  or  potatoes  to  be  shipped  to 
St.  Paul;  when  his  shipment  is  ready  he  may  ascertain  by  per- 
sonal inquiry  at  the  Weather  Bureau  office,  or  by  a  study  of  the 
published  reports  and  forecasts,  the  probable  temperature  conditions 
between  Ohio  and  Minnesota  for  the  period  that  the  shipment  is 
BuL  18—2 
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likely  to  be  on  the  road,  and  regulate  the  same  accordingly.  If 
neither  of  these  means  of  information  is  accessible  to  him,  he  may 
telegraph  the  observer  at  the  nearest  Weather  Bureau  office,  Cincin- 
nati, Columbus,  Cleveland,  Sandusky,  or  Toledo,  as  the  case  may  be, 
requesting  the  information,  or  he  may  arrange  beforehand  with  the 
observer  to  be  informed  by  telegraph  when  the  conditions  are  favor- 
able for  making  the  shipment,  the  cost  of  all  telegrams,  of  course,  to 
be  borne  by  himself.  While  the  consignment  is  on  the  road  he  should 
still  keep  himself  informed  as  to  the  temperature  conditions  of  the 
region  through  which  it  passes,  and  if  injuriously  low  temperatures 
are  likely  to  occut,  may  telegraph  to  have  it  housed  or  otherwise  pro- 
tected until  the  conditions  are  again  favorable.  By  the  use  of  simi- 
lar means,  a  packer  having  a  large  number  of  hogs  to  slaughter  may 
ascertain  in  advance  when  temperatures  favorable  for  that  purpose 
are  likely  to  prevail  in  his  locality ;  or  a  southern  merchant  having 
a  consignment  of  tropical  fruit  on  the  road  to  the  north  may  insure 
its  protection  from  injuriously  high  or  low  temperatures  by  tele- 
graphic instructions  as  to  the  opening  or  closing  of  ventilators,  or  the 
use  of  ice  or  artificial  heat. 

During  the  season  when  cold  waves  are  liable  to  occur,  a  careful 
watch  of  the  reports  and  forecasts  will  often  enable  dealers  and  others 
to  protect  from  injury  large  quantities  of  produce  in  storage.  In- 
stances are  numerous  where  the  use  of  the  information  aforemen- 
tioned has  resulted  in  large  pecuniary  benefit. 

During  the  severe  cold  wave  of  January  1  to  5,  1896,  which  over- 
spread nearly  the  entire  United  States  east  of  the  Rocky  Mountains, 
over  three  and  one-half  million  dollars  worth  of  property  was  saved 
from  destruction  by  the  warnings  of  the  Weather  Bureau,  which  were 
sent  out  in  advance  of  the  wave. 
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The  lotoest  and  highest  temperatures  to  which  perishable  goods  map  be  subjected  without 

injury  under  the  conditions  stated. 


f 


Perishable  goods. 


Apples,  in  bbis 

Apples,  loose    

Apricots,  baskets 

Aqaa  ammonia,  bbls 

Asparagus 

Bananas  

Beans,  snap , 

Bear 

Beer  or  ale,  kegs  

Beets 

Blnlng    

Cabbage,  early  or  late . . . . 

Cantaloupes 

Cauliflower 

Celery 

Cheese 

Cider  

Clams,  in  shell 

Cocoanuts 

Crabs , 

Cranberries 

Cucumbers 

Cymllngs,  or  squash 

Deer 

Drugs  'non-alcoholic).... 
Eggs,  barreled  or  crated 

Knaive , 

Extracts  (flavoring) 

Fish 

Fish,  canned 

Flowers 

Grapes 

Grape  fruit 

Groceries,  liquid 

Ink 

Kale 

Leek 

Lemons 

Lettuce 

Lobsters , 

Mandarins 

Medicines,  patent 

Milk \:. 

Mucilage 

Mustard,  French 

Okra 

Olives,  in  bulk 

Olives,  In  glass 

Onions,  boxes 

Onions 

Oranges 


Oysters,  In  shell 

Oysters,  shucked 

Parsley 

Parsnips 

Partridges 

Paste 

Peaches,  fresh,  baskets 

Peaches,  canned 

Peas 

Mokles,in  bulk 

Pickles,  in  glass 

Pineapples 

Plums 

Potatoes,  Irish 

Potatoes,  sweet 

Radishes 

Rice 

Shrubs,  roses,  or  trees  . 


Lowest  outside 
temperature. 
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80 
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—80 
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Zero. 

80 
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80 

Zero. 

85 

10 

16 

Zero* 
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86 

10 

18 

—10 

10 

-10 

80 

Zero. 

Zero. 

80 

Zero. 

80 

88 

—80 

88 

Zero. 

80 

Zero. 

Zero. 

16 

Zero. 

Zero. 
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-10 

80 

-10 

80 

Zero. 

80 

Zero. 

80 

Zero. 

16 

—10 

Zero. 

80 

80 

10 

16 

80 

Zero. 

80 

Zero. 

88 

Zero. 

88 

Zero, 

16 

Zero. 

80 

—10 

80 

86 

Zero. 

80 

Zero. 

16 

Zero. 

10 

80 

Zero. 

10 

-10 

80 

Zero. 

80 

80 

Zero. 
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80 

10 
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Zero. 
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16 

—10 
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Zero. 

88 

Zero. 

85 

10 

88 

10 

16 

10 

10 

-10 

o 
75 
76 
70 


70 
90 
66 
66 
76 
70 


75 
80 
70 
66 
76 
70 
66 
00 
66 


65 
75 
66 


80 
70 


66 


66 
66 
75 
70 


76 
75 


76 


80 
80 

65 
70 
75 
70 
66 


80 


75 
75 
80 
80 
66 
90 


Remarks. 


Covered  with  straw. 
Packed  in  straw. 


In  boxes  covered  with  moss. 
In  bulk  and  in  boxes  with  straw. 
In  barrels  or  crates. 
Shipped  loose. 

Packed  in  manure  and  shavings. 
In  crates. 

Barrels  or  orates. 

In  barrels  with  straw. 
Packed  In  crates. 


In  barrels. 

In  barrels  or  crates. 

In  baskets  and  barrels. 

In  boxes  with  moss. 
In  orates. 
Shipped  loose. 


Packed  in  boxes  or  crates. 

In  barrels  always  iced. 

Packed  in  moss. 
Packed  in  cork. 


Packed  in  boxes  or  crates. 
Packed  in  boxes. 
In  boxes  or  orates. 
In  crates  or  boxes. 

In  boxes. 

Packed  in  sawdust. 


In  baskets  or  boxes. 
In  barrels. 


In  barrels,  boxes,  or  crates. 
In  baskets,  boxes,  barrels,  or 

crates. 
In  barrels. 
In  barrels. 
In  baskets 

In  baskets  or  barrels. 
In  bunches  in  boxes. 
In  barrels. 


In  baskets  or  barrels. 
In  barrels. 

In  barrels,  in  crates,  or  in  bulk. 

In  boxes  with  paper. 

In  barrels  or  baskets. 

In  barrels  or  baskets. 

In  baskets. 

In  barrels  and  sacks. 

In  canvas  or  sacking. 
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The  lowest  and  highest  temperatures,  etc, — Continued. 


Perishable  goods. 


Spinach 

Strawberries 

Tangerines 

Tea  plants 

Thyme 

Tomatoes,  fresh . . 
Tomatoes,  canned 

Turnips,  late 

Vinegar,  bbls 

Watermelons 

Waters,  mineral.. 

Wines,  light 

Wild  boar 

Wild  turkey 

Yeast 


Lowest  outside 
temperature. 
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if 


15 
88 
» 
28 
90 
88 
88 
16 
88 
80 
88 
88 

Zero. 

Zero. 
88 


o 

o 

16 

85 

-10 

15 

Zero. 

80 

10 

88 

10 

85 

-5 

Zero. 

18 

-io 

10 

25 

Zero. 

16 

Zero. 

-80 

-80 

25 

Zero. 

76 
65 
70 
05 
00 
00 


76 

'si' 


65 
65 
65 


Remarks. 


In  barrels  or  orates^ 

In  boxes. 
Packed  in  boxes. 
In  small  baskets. 

In  boxes. 
In  barrels. 

In  barrels  and  in  bulk. 


Shipped  loose. 
Shipped  loose. 
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LETTER  OF  TRANSMITTAL. 


TJ.  S.  Department  of  Agbicultubb, 

Weather  Bureau, 

Wa^hingtoUj  D.  0.,  November  14^  1894, 

Sir:  I  have  the  honor  to  request  authority  to  have  priuted,  in 
pamphlet  form,  10,000  copies  of  the  accompanying  proceedings  of  the 
third  annual  convention  of  the  American  Association  of  State  Weather 
Services,  held  in  Brooklyn,  K.  Y.,  August  17,  1894,  in  conjunction 
with  the  American  Association  for  the  Advancement  of  Science. 
It  is  desired  to  distribute  the  pamphlets  to  the  voluntary  observers 
and  crop  correspondents,  and  it  is  believed  they  will  prove  of  service 
in  attracting  attention  to  the  weather  crop  work  of  the  Bureau  and 
result  in  making  its  value  more  widely  known. 

The  Association  of  State  Weather  Services  is  composed  largely  of 
officials  of  the  Weather  Bureau,  and  was  organized  in  1892  with  a  view 
to  increasing  the  usefulness  of  Weather  Bureau  work.  The  pro- 
ceedings of  the  two  former  meetings  have  been  published  by  the 
Bureau.  Very  respectfully, 

H.   H.  C.  DUNWOODY, 

Acting  Chief  of  Bureau. 
Hon.  J.  Sterling  Morton, 

Secretary  of  Agriculture. 
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THIRD  ANNUAL  CONVENTION  OF  THE  AMERICAN  ASSOCIA- 
TION OF  STATE  WEATHER  SERVICES. 


•The  third  annual  convention-  of  the  American  Association  of  State 
Weather  Services  was  held  in  Brooklyn,  N.  Y.,  August  17, 1894,  in 
conjunction  with  the  Ameridan  Association  for  the  Advancement  of 
Science. 

The  call  for  this  meeting  was  made  June  8, 1894,  by  Maji  H.^H.  Oi 
Dunwoody,  president  of  the  association,  and  a  list  of  subjects  for  diS' 
cussion  issued  July  23.  While  the  number  of  States  representeli  at 
the  Brooklyn  convention  was  smaller  than  at  the  two  preceding  con- 
ventions, the  meeting  was  a  very  successful  one.  Had  the  place  of 
meeting  been  more  centrally  located,  the  attendance  would  doubtless 
have  been  larger  than  at  either  of  the  preceding  meetings.  Notwith- 
standing the  location  of  Brooklyn  on  the  extreme  eastern  border  of 
the  country,  one  of  the  Paciflc-Coast  States  and  four  others  west  of  the 
Mississippi  River  had  their  State  weather  services  represented  at  this 
convention.  Several  State  weather-service  directors  not  in  attendance 
had  expressed  their  intention  to  be  present,  but  were  prevented  by  cir- 
cumstances beyond  their  control.  Besides  the  president  and  secretary 
of  the  association,  the  following  State  weather- service  officials  were 
present  and  participated  in  the  proceedings  of  the  convention: 

WEATHER- SERVICE   OFFICIALS  IN  ATTENDANCE. 

Mr.  F.  H.  Clarke,  director,  Arkansas  weather  service. 

Mr.  T.  B.  Jennings,  director,  Kansas  weather  service. 

Mr.  Frank  Burke,  director,  Kentucky  weather  service. 

Mr.  E.  £.  Kerkam,  director^  Louisiana  weather  service. 

Dr.  C.  P,  Oronk,  meteorologist  in  charge  Maryland  weather  service. 

Dr.  11.  J.  Hyatt,  director,  Mississippi  weather  service. 

ifr.  E.  W.  McGann,  director,  New  Jersey  weather  service. 

Mr.  R.  M.  Hardinge,  assistant  director,  Kew  York  State  weather 
bureau. 

Mr.  B.  S.  Pague,  director,  Oregon  weather  service. 

Mr.  S.  W.  Glenn,  director,  South  Dakota  weather  service. 

There  were  also  present  the  following  named  Weather  Bureau  officials : 
Messrs.  E.  B.  Dunn,  I.  W.  Brewer  and  W.  L.  Day,  of  the  New  York 
station,  and  Mr.  John  W.  Smith,  of  the  Boston  station. 
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The  president  and  the  directors  of  the  several  services  were  much 
pleased  at  the  presence  of  Prof.  George  C.  Soun,  Newark,  N.  J.,  Mr. 
C.  L.  Swain,  C.  E.,  Boonton,  N.  J.,  and  Mr.  John  Neagle,  Plainfleld, 
N.  J.  These  gentlemen  are  enthusiastic  voluntary  observers  of  the 
New  Jersey  weather  service,  and  their  attendance  at  and  participation 
in  the  proceedings  of  the  convention  was  especially  gratifying  to  the 
president  of  the  association  and  the  several  directors  present.  The 
president  called  the  meeting  to  order  at  10.20  a.  m.,  and  after  appro- 
priate preliminary  remarks  addressed  the  meeting  as  follows: 

ADDRBSS  OF  T^tE  PRESIDENT. 

At  the  last  annual  meeting  of  the  America^  Association  of  State  Weather  Serr- 
icesi  official  duties  enforced  my  absence,  greatty'to  my  regret.  It  is  therefore  with 
more  than  uncommon  pleasure  that  I  am  able  to  bo  with  you  upon  the  occasion  of 
the  third  annual  meeting  of  the  Association'  of  State  Weather  Services. 

The  expansion  and  development  of  these  services  to  a  degree  scarcely  anticipated 
by  the  most  ardent  advocate  of  the  system  make  it  desirable,  if  liot  absolutely 
necessary,  that  those  vfho  have  this  important  work  iu  hand  should  meet  in  conven- 
tion for  the  purpose  of  discussing  ways  and  means  of  furthering  their  work.  That 
former  meetings  have  been  productive  of  great  good  is  amply  attested  by  tlie  rapid 
progress  that  has  been  made  iu  the  several  lines  of  work  during  the  two  years  that 
have  passed  since  the  establishment  of  this  association.  It  is  equally  evident  that 
this  and  future  con  mentions  will  continue  to  produce  good  results.  It  is  profitable 
for  us  to  meet  from  time  to  time,  to  learn  from  discussion  and  personal  inquiry  as  to 
the  methods  of  work  employed  in  the  several  States,  that  each  official  may  return  to 
his  field  of  operations  better  prepared  to  iirosecute  and  extend  his  work.  The  pub- 
lished proceedings  of  past  conventions  have  been  eagerly  looked  for  by  the  State 
service  officials  not  fortunate  enough  to  attend  the  meetings  of  the  association,  and 
the  valuable  information  that  has  been  giveu  through  these  jiublished  proceedings 
concerning  exposure  of  instruments  and  other  essentials  in  observation  work  have 
contributed  much  toward  creating  and  increasing  interest  iu  meteorological  subjects. 

With  about  3,000  voluntary  observers  taking  observations  of  temperature  and 
rainfall  and  recording  miscellaneous  meteorological  pheuomena  it  is  possible  to 
supply,  through  the  State  weather  service,  climatological  information  for  almost 
any  locality  in  the  United  States.  Nearly  every  county  in  the  whole  country  is  now 
provided  with  a  station  equipped  with  instruments  of  the  Government  standards, 
and  if  tbe  work  of  establishing  new  stations  continues  during  the  next  two  years  at 
the  same  rate  as  dilring  the  past  two  years,  there  will  not  be  a  county  w^ithin  the 
limits  of  our  country  that  will  not  have  a  meteorological  station. 

Since  the  last  annual  convention  of  State  weather  services,  which  took  place  in 
Chicago,  Angust  21  to  25,  1893,  the  work  of  State  weather-service  organization  has 
gone  rapidly  forward,  and  the  past  twelve  months  in  some  of  the  more  important 
lines  may  be  marked  as  an  era  of  exceptional  progress.  While  there  has  been  a 
decided  extension  in  all  the  branches  of  work  conducted  by  these  organizations,  the 
weather-crop  service  and  the  dissemination  of  forecasts  have  received  greatest 
attention,  and  in  these  two  lines  have  the  most  marked  successes  been  achieved. 

The  weather-crop  service  of  the  National  bureau  now  undoubtedly  ranks  next  in 
importance  to  the  work  of  making  forecasts.  The  system  of  gathering  reports  upon 
which  the  weather  crop  bulletins  are  based  has  been  so  perfected  in  recent  years 
that  inrther  improvement  in  some  States  can  scarcely  be  expected.  Tbe  crop  bulle- 
tins of  the  States  have  been  improved  and  are  now  more  complete  than  at  any  pre- 
vious time,  and  the  increased  circulation  that  these  bulletins  has  attained  amply 


attests  their  value.  It  is  believed  that  there  is  no  other  class  of  information  to 
"which  so  much  space  is  devoted  in  the  public  press  to-day.  A  file  of  these  bulletins 
for  all  the  States  for  a  year  will  form  a  most  complete  history  of  the  weather  con- 
ditions attending  the  growth  and  development  of  the  several  crops  throughout  the 
country. 

More  than  10,000  crop  correspondents  are  to-day  cooperating  with  the  national 
weatlier  bervice  through  the  State  organizations,  3,000  voluntary  observers  are 
furnishing  monthly  reports  of  dally  observations  of  temperature  and  rainfall ,  and 
over  11,000  persons  assist  in  the  work  of  distributing  the  weather  forecasts  of  the 
national  weather  service.  Tills  latter  work  has  been  more  rapidly  pushed  during 
the  past  year  than  any  other  feature  of  State  weather-service  work,  and  it  is 
expected  that  during  the  ensuing  year  the  already  large  number  of  communities 
receiving  the  Government  weather  forecasts  will  be  further  increased  from  5,000  to 
6,000.  With  a  continuation  of  the  present  liberal  policy  of  the  Honorable  Secretary 
pf  Agriculture  and  the  Chief  of  the  Weather  Bureau  toward  these  services,  there  will 
be  in  a  comparativelyv short  time  no  important  agricultural  community  in  the  United 
States,  with  the  ];^oper  mail  facilities,  that  will  not  receive  the  bene6ts  of  the 
forecasts. 

The  monthly  reports  of  many  of  the  States  are  model  publications  of  their  kind. 
It  is  to  be  hoped  that  in  those  States  where  as  yet  the  more  approved  methods  of 
publishing  meteorological  data  are  not  practiced,  means  may  be  found  by  which 
their  reports  may  be  improved  and  raised  to  the  standard  attained  where  better  facill- 
ties  havo  been  available.  Uniformity  in  size,  as  far  as  practicable,  and  strict  unifor- 
mity ns  to  tabular  data  are  very  desirable.  A  daily  record  of  temperature  and  rainfall 
for  purpose  of  detailed  investigation  is  most  essential,  and  these  should,  if  possible, 
form  a  part  of  each  report. 

It  is  believed  that  nothing  can  contribute  more  toward  securing  reliable  and  accu- 
rate observations  than  an  inspection  of  tlie  voluntary  statious,  that  the  observers 
may  be  made  thoroughly  acquainted  with  the  proper  conditions  of  instrumental 
exposure  and  be  informed  as  to  other  essentials  connected  with  their  work. 

It  is  to  be  hoped  that  at  future  meetihjgs  there  will  be  not  only  a  large  representa- 
tion of  State  weather  service  officials^  but  that  many  voluntary  observers,  crop 
correspondents,  and  displaymen  may  be  present. 

After  correspondence  and  personally  consulting  with  officials  of  the  American 
Association  of  State  Weather  Services,  a  programme  of  subjects  for  discussion  at 
this  meeting  has  .been  formulated  and  published.  No  doubt  other  important  mat- 
ters not  therein  enumerated  will  be  suggested  by  members  present  and  will  receive 
your  careful  consideration. 

Having  originally  suggested  the  organization  of  State  weather  services,  and  hav- 
ing watched  with  keen  interest  their  rapid  growth  for  more  than  a  decade  of  years, 
I  shall  not  in  the  future  lose  that  interest  I  have  always  taken  in  their  operations 
believing  that  the  State  weather  service  affords  the  most  effective  means  of  reaching 
the  masses  of  people  with  information  collected  by  the  National  Weather  Service. 
I  will  conclude  my  remarks  by  expressing  to  the  members  of  the  association  my 
thanks  for  the  honor  they  have  twice  conferred  by  electing  me  their  president. 

TOPICS  FOR  DISCUSSION. 

Topics  for  discussion  at  the  third  annual  convention  of  the  American  Association 
of  State  Weather  Services  are  the  following: 

1.  Crops,  in  relation  to  normal  or  abnormal  conditions  of  temperature  and  rainfall 
during  the  periods  of  growth  and  development.  Can  not  State  weather  services  col- 
lect and  utilize  statistics  as  to  the  conditions  of  rainfall  and  temperature  under 
which  full,  average,  or  short  yield  of  the  various  crops  are  produced f 

2.  Day  of  issue  of  the  National  and  State  weather  crop  Dulletins.  What  can  be 
done  to  increase  the  value  of  these  publications  f 
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3.  Wonld  It  not  be  of  advantage  to  each  State  weather  seryice  center  to  havd 
actual  (not  interpolated)  daily  normals  of  temperature  and  rainfall  for  all  weather 
bureau  stations  within  its  territory? 

4.  Is  Form  No.  1053  Meteorological  the  best  that  can  be  adopted  for  the  reports  of 
weather  crop  correspondents?  Should  Form  No.  1067  Meteorological  provide  for  an 
expression  of  opinion  by  displaymen  as  to  the  verification  of  forecasts  f 

5.  Monthly  publications  of  State  weather  services: 

(a)  Should  the  publication  of  monthly  reports  containing  advertisements  be 
encouraged? 

(b)  Publication  of  daily  temperatures  and  precipitation — are  data  published  in 
this  form  used  sufficiently  to  justify  coutinuance  of  their  publication?  Could  the 
cost  of  same  be  expended  to  bettor  advantage  for  permanent  detailed  records  for 
each  station,  to  be  iiled  at  the  central  station,  where  all  requests  for  data  might 
be  met? 

(c)  Is  it  not  important  that,  as  far  as  practicable,  uniform  methods  of  graphic 
illustrations  of  meteorological  conditions  be  adopted? 

6.  Dissemination  of  weather  jTorecasts : 

(a)  Distribution  of  forecasts  through  the  mails  by  logotype  system. 

(h)  Are  not  the  objections  to  the  present  plan  of  telegraphing  to  flag  display  and 
whistle  signal  stations  forecasts  of  decided  weather  changes  only,  such  as  to  jastify 
the  increased  expense  of  returning  to  the  former  system  of  daily  telegrams? 

(c)  Should  the  present  system  of  flag  displays  be  continued? 

(d)  Could  a  night  signal  be  employed  to  advantage,  and  can  the  system  of  sound 
signals  be  extended  ? 

7.  Inspection  of  voluntary  stations. 

8.  What  should  constitute  the  instrumental  outflt  of  a  voluntary  meteorological 
station? 

After  the  address  by  the  president  of  the  association,  the  several 
sabjects  were  discussed  in  the  order  proposed  in  the  programme. 

Topic  No.  1. 

Major  DUNWOODY.  I  have  given  mach  attention  to  this  subject  in 
recent  years,  having  prepared  a  number  of  charts  giving  for  ejich  State 
the  actual  rainfall,  temperature,  cloudiness,  and  humidity  determined 
from  the  records  of  the  Weather  Bureau.  Of  course,  these  charts 
were  necessarily  more  or  less  incomplete,  owing  to  lack  of  data.  They 
covered  ten  years  and  gave  monthly  averages,  with  departui*es  trom 
normal,  represented  graphically,  so  that  the  eye  could  readily  discern 
the  regions  of  excess  or  deficiency.  In*  the  same  manner  the  depar- 
tures from  the  average  yield  of  the  several  crops  were  given,  the  regions 
where  more  or  less  than  the  average  yield  being  illustrated  by  colors. 
By  these  chaits  the  character  of  the  yields  and  the  meteorological  con- 
ditions under  which  the  crops  were  produced  can  be  compared  and 
studied.  In  the  preparation  of  the  charts  referred  to,  a  great  difficulty 
was  experienced  from  the  unsatisfactory  character  of  the  data  obtain- 
able as  to  yields  of  many  of  the  crops  grown,  but  as  to  corn  and  some 
otlier  staples  it  was  possible  to  determine  the  conditions  that  it  was 
desired  to  illnstrate. 

It  is  thought  that  more  satisfactory  conclusions  might  be  deduced 
if,  instead  of  attempting  to  give  these  data  for  the  whole  country,  a 
single  county  were  taken.  For  example,  the  State  of  Illinois,  with 
more  than  one  hundred  counties,  has  but  three  weather  bureau  sta- 
tions actually  within  its  limits.  The  meteorological  data  for  these 
stations  are  totally  inadequate  for  the  purpose  in  view.    It  is  therefore 
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believed  that  the  subject  might  be  much  more  satisfactorily  investi- 
gated by  taking  the  county  in  which  the  Weather  Bureau  station  is 
located  and  making  the  comparisons.  I  am  trying  to  introduce  this 
system  so  that  thereby  it  may  be  possible  to  make  some  forecast  as  to 
yield.  It  is  now  a  great  question  with  this  country  as  to  the  yield  of 
the  corn  crop  of  the  present  year,  owing  to  the  prevalence  of  the  recent 
hot  winds  over  some  of  the  principal  corn  States  of  the  northwest. 
This  is  a  great  problem,  and  if  we  can  accomplish  its  solution  it  will 
be  of  great  help  to  the  farmers  of  tlie  country  by  giving  them  the  most 
impartial  information  obtainable  as  to  actual  yields,  and  this  was  the 
idea  I  had  in  view  in  including  the  matter  in  the  list  of  subjects  for 
discussion  at  this  convention. 

Mr.  Pague  (Oregon).  This  is  a  line  of  work  that  will  lead  to  a  more 
thorough  study  of  climatic  conditions  and  crop  productions.  At  the 
present  time  we  have  no  authentic,  rather  no  thorough,  census  of  crop 
productions  from  year  to  year.  Provision  should  be  made  to  collect 
crop  statistics  as  thoroughly  as  we  collect  climatic  data,  and  not  until 
then  can  reliable  work  be  done  in  this  direction.  Many  years  ago  I 
endeavored  to  deduce  the  relation  that  existed  between  the  rainfall  and 
wheat  production  in  California,  but  owing  to  lack  of  data  the  study 
could  not  be  made  as  thorough  as  was  desired.  Sufficient  was  deduced 
to  show  that  the  cereal  crop  of  California  depended  more  upon  the  rain- 
fall of  April  and  May  than  upon  any  other  factor  and  that  the  increased 
rainfall  in  these  months  made  increased  total  production.  In  Oregon 
we  have  no  crop  statistics,  except  those  in  census  years.  The  lack  of 
such  important  data  seriously  retards  the  practical  application  of  data 
in  hand  to  the  future  crop  products.  The  prosperity  of  our  nation 
depends  upon  the  success  of  the  agricultural  classes,  and  the  valuable 
crop  forecasts  that  could  be  issued  on  the  data  that  should  be  extant 
would  be  appreciated  by  all  classes  of  people  and  by  none  more  so  than 
the  farmers. 

Mr.  Jennings  (Kansas).  I  consider  this  subject  one  of  vital  impor- 
tance to  the  agriculturists  of  the  country.  From  investigation  of 
records  in  Kansas  covering  twenty-five  to  forty  years  I  have  found 
that  every  seven  years  that  country  is  subjected  to  drought.  Accord- 
ing to  this  theory  I  believed  that  the  season  of  1894  would  be  one  of 
deficient  moisture,  and  at  the  beginning  thereof  advised  farmers  to 
plow  their  ^' trash"  under  instead  of  burning  it,  as  is  the  general 
custom.  This  had  the  effect  of  retaining  the  moisture  in  the  ground, 
and  notwithstanding  the  marked  deficiency'-  in  rainfall  in  Kans<as  up  to 
last  Saturday  (August  11),  corn  was  in  good  condition.  Last  Saturday 
the  temperatnre  rose  to  104*^,  and  this  high  temperature,  with  the 
effects  of  the  protracted  drought,  had  the  effect  of  whitening  the 
blades,  but  did  not  materially  injure  the  grain,  while  in  those  sections 
where  farmers  either  had  not  the  advantage  of  the  director's  advice  or 
fiuled  to  heed  it,  the  prospects  for  corn  are  less  favorable.    From  the 
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study  of  the  records  I  was  satisfied  that  there  would  be  a  deficiency  in 

rainfall  during  the  crop  season  of  1894,  aud  those  who  heeded  my 

advice  as  to  plowing  under  the  *^  trash,"  rather  than  burning  it,  did  so 

to  their  profit. 

Topic  Ko.  2. 

Mr,  TowNSBND  (Pennsylvania).  If  the  daily  papers  are  relied  upon 
as  the  principal  means  of  dissemination  of  crop  information  there  can 
be  but  little  difference  either  for  or  against  any  day,  but  if  the  weekly 
paper  affords  the  best  means  of  dissemination,  then  Tuesday  is  the  best 
day  on  which  to  issue  the  bulletin.  In  Pennsylvania  beyond  doubt 
Tuesday  is  the  best  day  upon  which  to  publish  the  bulletin.  I  think, 
however,  that  if  the  bulletins  are  issued  once  in  two  weeks  all  interests 
will  be  as  well  served  as  under  the  present  system. 

Mr.  McGann  (New  Jersey).  The  day  of  issue  of  the  weather  crop 
bulletin  is  of  vast  moment  to  the  respective  State  weather  services,  and 
should  be  so  fixed  as  to  secure  its  publicsition  in  the  largest  possible 
number  of  weekly  papers.  Since  the  change  from  Saturday  to  Tuesday 
was  made  I  have  found  that  some  weekly  papers  have  been  unable  to 
use  the  information,  but  wpon  the  whole  I  agree  with  Mr.  Townsend 
that  it  is  best  to  publish  the  bulletin  on  Tuesday.  The  edition  of  New 
Jersey  weather  bulletin  is  2,200  copies;  it  is  received  from  the  printer 
at  2  p.  m.  and  by  4  p.  m.  the  whole  edition  is  in  tlie  mails.  The  plan  of 
publishing  notes  from  correspondents  is,  in  my  opinion,  the  best  that 
could  be  adopted,  as  readers  of  the  •bulletin  like  to  be  informed  as  to 
the  correspondent  furnishing  the  report;  besides,  it  is  a  source  of 
compensation  to  the  correspondent  to  have  due  credit  given  him  pub- 
licly for  his  report.  I  beiieve  that  other  State  services  should  make 
this  plan  of  giving  the  correspondent's  notes  and  publishing  their 
names  a  prominent  feature,  as  is  being  done  in  New  Jersey.  [Mr 
McGann  here  cited  several  instances  where  the  information  contained 
in  State  bulletins  had  been  used  to  the  pecuniary  advantage  of  the 
farmer,  and  also  read  from  communications  received  from  the  director 
of  the  New  Jersey  Agricultural  Experiment  Station  attesting  the  value 
of  the  State  weather  service,  especially  the  weather  crop  feature.] 

Mr.  Kebkam  (Louisiana).  In  Louisiana  the  daily  i>apers  have  given 
such  extensive  circulation  to  the  crop  bulletin  as  to  make  its  circula- 
tion in  the  weekly  pax>ers  of  minor  importance.  I  have,  however,  found 
that  nearly  all  weekly  papers  in  the  State  can  get  the  bulletin  as  pub- 
lished on  Tuesday  in  time  for  publication.  I  favor  the  use  of  the  millio- 
graph  in  furnishing  the  press  with  copies  of  the  bulletin  for  publication, 
as  by  this  means  it  can  be  more  promptly  issued  and  is  more  readily 
accepted  as  news  matter  by  newspapers  which,  as  a  rule,  care  little  for 
matter  that  has  been  put  into  type  outside  their  own  offices. 

Major  DuNWOODY.  Even  though  the  bulletin  should  be  printed  at 
every  central  station,  a  special  summary  might  be  prepared  for  the 
press,  covering  the  more  important  features  of  the  weather  crop  condi- 
tions of  the  week. 
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Mr.  Bebby.  The  question  of  the  day  of  issue  of  the  National  and 
State  bulletins  is  one  that  has  received  careful  consideration  on  the 
part  of  the  Chief  of  the  Weather  Bureau,  who,  after  thoroughly  look- 
ing into  the  matter  and  weighing  the  various  interests  concerned,  has 
decided  that  Tuesday,  upon  the  whole,  is  the  best  day  on  which  to  issue 
them.  It  is  true,  however,  that  there  are  some  very  important  agricul- 
tural journals  that  will  not  publish  the  bulletins;  but  this  will  be  the 
case,  no  matter  on  what  day  the  bulletin  might  be  published.  It  is  my 
opinion  that  Tuesday  is  the  day  on  which  the  bulletin  should  be  con- 
tinued to  be  issued  in  order  to  give  the  public  the  greatest^  possible 
benefit. 

Mr.  Jennings  (Kansas).  The  Kellogg  Newspaper  Company,  of  Kan- 
sas City,  prints  the  Kansas  crop  bulletin  in  500  <^  patent"  sheet  papers 
supplied  by  them  j  no  other  day  will  suit  so  well  for  this  work  in  Kansas 
as  Tuesday.  The  reports  from  weather  crop  correspondents,  which  begin 
to  arrive  Monday,  are  closely  scanned  and  the  special  features  charted 
on  maps  that  they  may  be  more  easily  summarized  and  discussed.  As 
to  improving  the  character  of  the  State  bulletin,  the  x)ublication  of 
remarks  of  correspondents  is  no  doubt  the  best  plan,  but  it  is  not  prac- 
ticable at  present  in  Kansas,  as  no  means  of  printing  are  available. 
Files  of  the  i^rinted  bulletins  of  other  States  are  being  collected  to 
show  their  superiority  over  the  milliograph,  with  a  view  to  procuring 
means  of  printing.  Five  to  eight  stencils  are  necessary  for  a  single 
issue. 

Mr.  TowNSBND  (Pennsylvania).  It  is  very  important  that  all  State 
bulletins  should  be  issued  at  the  same  time,  but  the  interval  between 
the  issues  wight  be  lengthened.  This  would  avoid  the  rei)etition  of 
much  that  is  now  told  over  and  over  in  the  weekly  issues. 

Mr.  Pague  (Oregon).  I  do  not  favor  increasing  the  interval  between 
the  issues.  In  Oregon  hot  winds  sometimes  prevail  which  in  a  very 
short  time  have  most  decided  effect  upon  the  crop  outlook.  In  western 
Oregon  the  crops  never  fail,  but  in  eastern  Oregon  the  hot  winds  that 
are  liable  to  occur  sometimes  reduce  excellent  wheat  prospects  to  such 
condition  that  in  sections  its  only  value  is  that  of  straw.  The  printing 
of  notes  from  crop  corresx)ondents  is  a  good  plan,  but  it  is  impracticable 
to  print  them  in  full  in  each  issue.  A  good  plan  is  to  select  certain 
reports  for  publication  one  week  and  others  the  next,  going  through  the 
whole  list  during  the  season.  The  crop  telegram  to  Washington  Mon- 
day night  is  filed  and  summaries  given  to  Associated  Press  and  to 
newspapers,  but  it  is  not  generally  published  by  the  press  until  Tues- 
day. By  distributing  judiciously  to  the  different  points,  it  is  arranged 
so  as  to  reach  all  papers  at  about  the  same  time,  by  mailing  to  the  more 
distant  points  first.  The  bulletins  should  be  made  so  brief  as  not  to 
tax  the  space  of  newspapers. 

Mr.  Glenn  (South  Dakota).  In  South  Dakota  a  brief  summary  is 
preferred  to  a  more  detailed  report.    It  is  impracticable  to  give  notes 
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from  correspondents,  there  being  from  some  counties  as  many  as  twenty- 
five,  when  special  requests  for  information  are  sent  to  postmasters. 
Tuesday  seems  to  be  the  best  day  on  which  to  issue  the  bulletin. 

Dr.  Cronk  (Maryland).  Though  at  first  favoring  the  issue  of  the 
bulletin  later  in  the  week,  I  now  believe  tlie  best  results  follow  the 
issue  on  Tuesday.  Kot  many  farmers  take  the  daily  papers,  and  the 
weeklies  reach  a  larger  number,  and  it  is  through  the  weekly  papers 
that  the  Maryland  bulletins  attain  greatest  circulation.  Our  bulletin 
Is  proofed  by  noon  and  mailed  by  2.30  p.  m.  Tuesday. 

Mr.  Hardinge  {^ew  York).  Wliile  a  majority  of  the  papers  in  New 
York  are  in  favor  of  the  issue  on  Tuesday,  they  are  those  of  minor 
importance;  the  papers  with  largest  circulation  prefer  Saturday. 

Dr.  Hyatt  (Mississippi).  Tuesday  is  without  doubt  the  best  day  on 
which  to  publish  the  crop  bulletin  in  our  State. 

Professor  Sotsn  (Volunteer  Observer).  There  is  a  surprising  lack  of 
information  as  to  existence  of  the  weather-crop  service.  If  the  bulletins 
were  displayed  in  i>ost-oflRces  the  system  would  become  more  generally 
known  and  i)rove  of  greater  benefit. 

Mr.  Jennings  (Kansas).  For  the  last  three  years  the  Kansas  bulletin 
has  been  placed  in  at  least  one  post-office  in  every  county,  and  in  some 
counties  in  several  post-offices.  The  demand  for  the  Kansas  bulletin 
is  such  that  individuals  other  than  correspondents  are  not  supplied, 
but  the  bulletins  are  displayed  in  prominent  places  for  the  benefit  of 
the  public. 

Major  Duuwoody  commended  the  plan  of  displaying  the  bulletin  in 
post-offices.  A  recent  act  of  Congress  provides  for  more  intimate 
cooperation  between  the  Weather  Bureau  and  the  Post-Office  Depart- 
ment, and  no  doubt  since  the  issue  of  the  recent  letter  of  the 
Postmaster- General  concerning  the  distribution  of  storm  warnings 
more  attention  will  be  paid  to  the  distribution  of  information  emanat 
ing  from  the  Bureau. 

Mr.  McGann  (New  Jersey).  Good  evidence  is  available  of  the  value 
of  displaying  the  bulletins  in  post-offices,  and  I  commend  the  plan. 

Mr.  Glenn  (South  Dakota).  The  "patent-sheet"  newspapers  afford 
excellent  means  of  publishing  weather  crop  information. 

Dr.  Cronk  (Maryland).  Bulletins  printed,  on  both  sides  are  unsatis- 
factory for  purposes  of  display. 

Mr.  McGann  (New  Jersey).  In  rei)ly  to  objection  of  displaying  bulle- 
tins printed  on  both  sides,  I  would  say  this  difficulty  is  met  by  posting 

two  copies. 

Topic  No.  3. 

Mr.  Kerka^i  (Louisiana).  I  use  nothing  but  actual  daily  rainfall 
normals  for  each  day  in  the  year  and  have  computed  such  normals  for 
every  station  in  the  State  having  records  of  sufficient  length.  These 
normals  are  bound  in  book  form  for  convenient  reference,  from  which 
the  dry  and  rainy  periods  may  be  readily  seen,    The  rainfall  in  Louisi- 
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ana  varies  largeJy,  being  very  heavy  in  the  southern  portion,  but  the 
northern  part  of  the  State  is  subjected  to  periods  of  dry  weather.  I  find 
these  normals  of  gre^t  value  in  the  preparation  of  frost  predictions. 
[He  cited  an  instance  where  a  study  of  the  average  minimum  tempera- 
ture prompted  the  issue  of  frost  warnings  that  were  verified  and  that 
l)roved  of  great  value.] 

Mr.  McGann  (New  Jersey).  The  rainfall  normals  computed  from  the 
records  of  the  New  Jersey  weather  service  are  of  the  greatest  impor- 
tance. Some  scientists  have  predicted  that  portions  of  New  Jersey 
would  become  a  desert,  basing  their  calculations  upon  measurements  of 
rainfall  of  questionable  accuracy.  I  have  prepared  these  normals  for 
decades,  and  published  statements  showing  how  many  decades  during 
the  perioils  covered  by  the  records  have  excessive  or  deficient  rainfall. 
These  data  have  been  used  to  excellent  advantage  by  engineers  in 
constructing  reservoirs.  Had  the  State  weather  service  been  prepared 
to  give  this  information  five  or  six  years  ago  the  city  of  Newark  would 
have  saved  hundreds  of  thousands  of  dollars  in  its  public  works. 

Topic  No.  4. 

Mr.  Burke  (Kentucky)  presented  a  communication  from  Mr.  H.  L, 
Ball,  his  assistant  at  Louisville,  recommending  the  use  of  a  return 
postal  card  in  the  collection  of  weather  crop  reports,  the  object  being 
to  secure  greater  regularity  in  the  receipt  of  reports. 

Mr.  Townsend  (Pennsylvania).  The  crop  correspondents  of  the 
Pennsylvania  service  report  with  sufficient  regularity  to  provide  all 
data  necessary  for  the  weather  crop  bulletin,  I  do  not  believe  that  any 
change  in  the  present  style  of  Form  No.  1053,  Meteorological  is  ad- 
visable. 

Mr.  MoGann  (New  Jeltsey).  While  the  present  card.  Form  No.  1053, 
is  satisfactory,  the  paper  should  be  of  better  quality. 

Mr.  Jennings  (Kansas).  Form  No.  1053,  at  present  in  use,  is  well 
suited  for  the  purpose  intended,  and  I  do  not  believe  that  such  a  card 
as  suggested  by  Mr.  Ball  will  prove  satisfactory.  The  quality  of  paper 
is  inferior,  and  the  card  is  too  wide  to  pass  through  the  mails  without 
injury.  Postmasters  should  be  instructed  not  to  stamp  these  reports  on 
the  side  intended  for  the  report,  as  the  postmarks  often  render  the  mat- 
ter reported  illegible.  As  to  providing  on  Form  No.  1067  for  an 
expression  of  opinion  from  displaymen  as  to  the  verification  of  fore- 
casts, the  plan  is  not  satisfactory.  Displaymen  have  been  known  to 
report  100  per  cent  verification  for  five  or  six  months  when  such  a  per- 
centage could  not  possibly  be  attained,  while  others  have  reported 
complete  failure^  when  no  doubt"  the  forecasts  were  highly  satisfac- 
tory.   I  do  not  believe  that  the  estimates  given  are  of  practical  value. 

Mr.  pAGTJE  (Oregon).  It  is  of  interest  to  have  displaymen  note  the 
verification  or  nonverification  of  the  forecasts  and  I  suggest  that  where 
the  estimated  percentages  are  unusually  high  or  low,  such  cases  should 
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be  investigated  and  the  reasons  ascertained  for  such  estimates.  I  am 
inclined  to  think  well  of  the  return  postal  card  for  the  collection  of  crop 
reports,  as  suggested  by  Mr.  Ball,  but  am  in  some  doubt  as  to  whether 
it  would  prove  satisfactory.  The  present  style  of  Form  No.  1053  ia 
admirable.  The  Form  No.  1067,  Meteorological,  used  by  displaymen, 
should  provide  for  verification  estimates. 

Mr.  TowNSEND  (Pennsylvania).  It  will  be  well  to  have  the  card 
Form  Ko.  1067  provide  for'such  statements  as  "  Good,"  "  Fair,"  '*Bad," 
but  it  is  not  advisable  to  attempt  to  give  percentages. 

Mr.  Ejbbkam  (Louisiana).  The  reports  of  voluntary  observers  may 
be  used  in  determining  the  accuracy  of  verifications  a«  given  by  dis- 
playmen. If  the  latter  are  kindly  requested  to  note  verifications  they 
would  comply. 

Dr.  Cronk  (Maryland).  The  present  Form  No.  1053  is  satisfactory. 

Mr.  Glenn  (South  Dakota).  The  crop  report  form  is  too  wide  for 
convenient  handling  in  the  mails,  the  forms  being  frequently  broken  on 
the  edges.  It  is  important  that  correspondents  sign  their  reports.  I 
have  adopted  the  plan  of  thanking  correspondents  for  reports  of  excep- 
tional worth,  notifying  them  by  postal  card  wTicn  rei)orts  are  received 
too  late  for  current  work,  and  call  upon  delinquents  to  resume  report- 
ing. Additional  duties  should  not  be  imposed  upon  forecast  displaymen, 
and  therefore  I  do  not  favor  requesting  them  to  give  percentages  of 
verification. 

Mr.  Jennings  (Kansas).  I  do  not  call  upon  delinquent  crop-  corre- 
spondents to  resume  reporting,  but  drop  their  names  from  the  mailing 
list  for  the  bulletin.  When  the  bulletins  are  discontinued  they  quickly 
ask  that  their  names  be  restored  to  the  mailing  list,  and  I  advise  them 
that  the  conditions  upon  which  the  bulletins  can  be  had  is«that  they 
contribute  reports,  and  they  usually  comply. 

Mr.  Pague  (Oregon).  In  order  to  insure  identification  of  reports,  in 
case  of  failure  to  sign,  the  name  of  the  county  is  stami)ed  on  each  card 
form  before  distribution.  This  enables  me  to  determine  in  nearly  every 
instance  who  the  reporter  is,  or  at  least  the  county  from  whence  the 
card  came,  in  case  of  failure  to  sign. 

Mr.  Habdinge  (New  York).  I  favor  the  present  Form  No.  1053, 
except  as  to  quality  of  paper,  which  should  be  better.  I  do  not  favor 
providing  a  column  for  percentages  of  verification. on  Form  No.  1067. 

Dr.  Hyatt  (Mississippi).  It  is  advisable  to  have  displaymen  give 
estimates  as  to  verification  of  forecasts. 

Professor  Sonn,  voluntary  observer  and  display  man  at  Newark,  N. J., 
made  some  excellent  remarks  relative  to  the  duties  and  cooperation  of 
voluntary  observers  and  displaymen,  stating  that  it  was  his  custom  to 
keep  record  of  both  forecast  and  the  weather  conditions  following,  in 
order  that  he  might  be  able  to  answer  criticism.  Professor  Sonn's 
remarks  as  to  the  exactions  on  the  part  of  the  public,  with  reference  to 
the  fulfillment  of  the  forecasts,  were  both  amusing  and  interesting,  and 
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evinced  a  keeu  interest  on  his  part  in  the  work  of  the  Weather  Bureau. 
He  found  numerous  instances  of  unfair  criticism  of  the  Weather 
Bureau's  forecasts,  especially  with  reference  to  local  rains  in  summer, 
stating  that  many  people  would  not  admit  that  such  forecasts  were 
justified  unless  it  actually  rained  upon  their  hats.  At  the  conclusion 
of  Professor  Sonn's  interesting  remarks  he  was  personally  thanked  by 
the  president  in  behalf  of  the  association..  This  concluded  the  morn- 
ing session  (I  p.  m.),  and  i^  recess  was  taken  jintil  2  p.  m.,  when  the 
work  of  the  convention  was  resumed. 

Topic  No.  5. 

Mr.  BuBKB  (Kentucky).  I  am  opposed  to  the  plan  of  publishing 
monthly  reports  of  State  weather  services  containing  advertisements 
upon  which  the  support  of  the  publication  is  to  be  derived.  The  time 
required  for  soliciting  advertisements  and  keeping  proper  account  of 
the  receipts  and  expenditures  can  be  illy  spared  by  the  officials  in 
charge.  Such  enterprises  are  usually  conducted  at  personal  sacrifice, 
having  myself  lost  $50  on  the  first  attempt  to  x)ublish  the  report  of  the 
Kentucky  service  by  this  plan.  I  find  that  opposition  on  the  part  of 
the  agricultural  press  is  engendered  by  such  undertaking,  one  editor 
having  stated  that  he  considered  it  undignified  on  the  part  of  Govern- 
ment officials  to  solicit  patronage  for  such  a  publication.  Soliciting 
advertisements  and  subscriptions  tends  to  impair  the  official  standing 
of  the  representative  of  the  Bureau. 

Mr.  Clarke  (Arkansas).  Ihavetried  the  experimentof  raising  funds 
by  advertisements  and  subscriptions,  but  without  success,  owing  to  the 
depressed  financial  conditions  prevailing.  I  agree  with  Mr.  Burke  that 
there  are  features  of  this  plan  decidedly  objectionable,  as  lowering  the 
standing  of  the  Bureau's  officials. 

Mr.  Pague  (Oregon).  I  recognize  the  objectionable  features  referred 
to  by  Messrs.  Burke  and  Clarke^  still,  I  believe  that  such  means  are 
justifiable  where  no  provision  for  publication  is  made  by  the  State. 
Although  the  Oregon  report  is  now  published  at  the  expense  of  the 
State,  it  was  published  at  one  time  by  an  arrangement  somewhat  simi- 
lar to  the  plan  referred  to  as  objectionable. 

Major  DuNWOODY  agreed  substantially  with  Mr.  Pague  as  to  the 
plan  of  publishing  reports  in  those  States  where  no  supjiort  had  been 
provided. 

Mr.  Clarke  (Arkansas).  With  reference  to  the  question  of  publica- 
tion of  daily  temperature  readings  and  measurements  of  rainfall,  I 
think  that  the  National  Bureau  might  supply  record  books  for  these 
data.  I  also  favor  graphic  illustrations  in  presenting  the  meteorolog- 
ical data  wherever  practicable. 

Mr.  Pague  (Oregon)  enumerated  the  great  advantage  of  presenting 
meteorological  conditions  in  graphic  form.  The  excellent  charts  accom- 
MOl ^2 
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panying  the  reports  of  the  New  York  meteorological  service  made  him 
envious,  and  he  had  endeavored  to  adopt  a  similar  plan  in  Oregon. 

Upon  inquiry  by  Mr.  McGann  (New  Jersey),  Mr.  Hardinge  (New 
York)  stated  that  the  cost  of  each  edition  (about  800)  of  the  New  York 
repoi  t  cost  $28.50.  Tiie  question  of  cost  of  met-eorological  charts  was 
discussed,  nm\  it  was  found  that  the  expense  for  creditable  charts  was 
greater  than  most  of  the  State  services  could  bear. 

As  to  shading  of  rain#  charts,  Mr.  Berry  favored  the  adoption  of  the 
scale  of  shades  used  in  tlie  Monthly  Weather  Review.  By  this  scale 
the  shading  increases  with  the  amount  of  rainfall  reported,  so  that  the 
region  of  heavy  and  light  precipitation  may  be  seen  at  a  glanee. 

Topic  No.  6. 

At  the  request  of  the  president,  a  sample  logotype  i)rinting  outfit, 
such  as  is  used  in  printing  the  forecast  messages,  was  exhibited  by  Mr. 
Berry,  and  its  use  was  exx)lained  to' those  not  already  familiar  with  the 
system. 

Mr.  McGann  (New  Jersey).  It  is  desirable  to  lengthen,  if  possible, 
the  period  covered  by  the  for^asts.  If  the  forecasts  couhl  be  made 
for  forty-eight  hours  it  would  be  i>ossible  to  reach  by  mail  a  largely 
increased  number  of  places  that  it  is  now  impossible  to  serve  until  so 
much  of  the  time  covered  by  the  forecast  has  lapsed  that  the  informa- 
tion proves  of  little  value. 

Mr.  TowNSEND  (Pennsylvania).  I  agree  with  Mr.  McGann  as  to 
the  necessity  of  predictions  of  long  range  and  believe  that  such  fore- 
casts might  be  made  by  the  officials  of  the  Weather  Bureau,  who  are  in 
position  to  know  better  than  the  public  what  weather  conditions  might 
reasonably  be  expected  to  prevail  forty-eight  hours  in  advance.  The 
percentage  of  verification  that  might  result  from  lengthening  the  period 
would  be  more  than  compensated  for  by  the  value  of  the  successful 
predictions. 

Mr.  Clarke  (Arkansas).  There  are  but  fewpointsinmy  Statethatdo 
not  receive  the  thirty -six-hour  forecasts  made  in  the  morning  almost  as 
soon  as  issued,  and  the  stations  receiving  them  latest  have  at  least  thirty 
hours  of  tlie  period  unexpired  by  time  of  receipt. 

Major  DUNWOODY.  To  extend  the  period  covered  by  the  forecasts 
beyond  thitty-six  hours  would,  as  a  rule,  render  the  predictions  mere 
guesswork. 

Mr.  TowNSEND  said  there  was  a  disposition  on  the  ])art  of  the  press 
to  publish  long-range  forecasts,  such  as  published  in  the  New  York 
Herald. 

Major  DuNWOODY  stated  that  he  believed  that  interest  in  such  fore- 
casts would  die  out. 

Mr.  TowNSEND  thought  that  it  would  be  well  for  the  Bureau  to  take 
the  matter  of  long-range  forecasts  under  consideration. 
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•The  logotype  system  for  the  distribution  of  forecasts  by  mail  was 
considered  by  all  State-service  officials  present  to  be  the  most  econom- 
k«l  and  effective  plan  that  has  yet  been  tried  for  the  dissemination  of 
weattier  information.  With  reference  to  the  present  plan  of  telegraph- 
ing the  foreeafits  only  when  decided  precipitation  or  decided  tempera- 
ture changes  are  expected,  it  was  the  opinion  of  all  present  that  the 
system  was  objectionable  and  that  the  Bureau  should  return  to  the 
former  plan  of  sending  the  forecasts  daily. 

Mr.  TowNSEND  said  that  it  was  difficult  to  make  the  public  under- 
stand the  conditions  upon  which  the  forecasts  are  sent,  and  that  mes- 
sages should  be  sent  daily.  Messrs.  McGann,  Hardinge,  Gronk,  Hyatt, 
Pague,  and  Smith  (local  forecast  officiial,  Boston)  agreed  with  Mr. 
Townsend  that  the  messages  should  be  sent  daily. 

Mr.  Jennings.  In  Kansas  the  present  plan  receives  no  praise  and 
much  unfavorable  criticism.  The  only  thing  in  its  favor  is  its  econom- 
ical feature,  but  the  loss  to  the  Bureau  for  less  efficient  service  is  great. 
The  plan  necessitates  much  explanation,  and  the  unfavorable  criticisms 
can  only  be  successfully  met  by  the  statement  that  the  Government 
by  this  plan  can  supply  a  greater  nuniber  of  places  with  the  forecasts 
than  would  be  possible  otherwise. 

Among  other  objections  to  the  present  plan,  Mr.  Clarke  referred  to 
the  gradual  rises  in  temperature  from  day  to  day,  by  which  marked 
extremes  might  occur  with  no  forecasts  from  the  Weather  Bureau. 

Mr.  Glenn.  The  infrequency  of  the  telegrams  cause  displaymen  to  be 
indifferent  in  making  the  displays  and  rendering  correct  monthly 
reports.  An  objection  to  the  plan  is  the  uncertainty  to  which  specially 
interested  persons  are  subjected  by  the  absence  of  a  telegram  indi- 
cating fair  weather  and  stationary  temperature,  when  very  important 
and  valuable  weather  information  can  be  long  delayed.in  transmission 
by  broken,  crossed,  or  grounded  wires,  an  open  key,  or  the  indifference 
of  an  operator,  and  the  occasion  of  the  delay  not  be  known  to  the  gen- 
eral public.  In  South  Dakota  it  was  of  the  greatest  importance  that 
^aily  forecasts  should  be  telegraphed,  ^is  lack  of  such  information  in 
winter  might  sometimes  result  in  loss  of  life. 

Messrs.  Townsend,  Hardinge,  and  Jennings  spoke  of  delays  in  deliv- 
enng  messages  resulting  from  unsatisfactory  telegraphic  service,  Mr. 
Hardinge  stating  that  investigation  of  sueh  delays  had  always  resulted 
in  improved  service.  With  reference  to  the  question  whether  the  pres- 
ent system  of  flag  signals  should  be  continued,  while  Messrs.  Townsend 
and  McGann  were  of  the  opinion  that  the  objections  to  flags  were  such 
as  to  justify  their  discontinuance,  Messrs.  Hyatt,  Clarke,  Glenn, 
Hardinge,  Jennings,  and  Berry  were  in  favor  of  continuing  the  flag 
system.  Mr.  McGann  stated  that  he  found  that  displaymen  were 
inclined  to  neglect  changing  the  flags  and  that  the  bad  effects  of  having 
flags  flying  that  did  not  represent  the  official  forecasts  were  such  as  to 
persuade  him  that  flag  displays  should  be  abandoned  and  the  logotype 
system  extended. 
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Mr.  BuBKS  was  also  of  the  opinion  that  the  logotype  bulletins  afforded  | 
a  more  satisfactory  means  of  dissemination. 

Mr.  Glenn.  The  flag  system  is  satisfactory  in  South  Dakota,  but  a 
flag  might  be  designed  that  would  serve  to  indicate  both  temperature 
and  weather  in  a  single  display,  doing  away  with  the  present  tempera- 
ture flag.  The  scarcity  of  lumber  renders  the  securing  of  a  good  flag- 
staff difiQcult  and  expensive,  and  as  buildings  are  generally  low,  the 
size  of  the  flag  might  be  reduced  .with  advantage. 

Mr.  Pague.  I  would  dislike  very  much  to  see  the  flag  system  dis- 
pensed with.  The  system  is  popular  throughout  the  Pacific  Coast  and 
especially  in  the  raisin  districts  of  California.  The  logotype  plan  is 
good,  but  it  fails  to  serve  purposes  that  are  fully  met  by  the  flags. 

Mr.  Clarke.  The  flags  have  so  long  successfully  been  employed  by 
the  Weather  Bureau  as  a  means  of  communicating  information  that  I 
hope  that  their  use  will  be  continued. 

Mr.  Bebbt.  I  favor  flags,  and  while  admitting  that  the  system  is 
defective,  it  possesses  many  merits,  and  I  believe  that  it  could  not  be  dis- 
pensed with  without  impairing  the  nsefulness  of  the  Bureau.  The  flags 
should  be  continued  and  the  logotype  system  extended.  With  both 
these  x)opular  means  of  dissemination  the  Bureau  can  do  a  great  deal 
more  than  with  either  alone. 

Mr.  MgGann.  The  definitions  of  the  flags  are  not  generally  known 
and  people  will  not  take  the  pains  to  inform  themselves  as  to  their 
meaning,  but  with  the  logotype  bulletin  each  person  can  read  the  mes- 
sage, and  this  is  more  satisfactory. 

Mr.  Glenn.  Some  of  the  most  zealous  displaymen  in  South  Dakota 
are  sometimes  remiss  in  the  matter  of  rendering  reports  of  displays; 
and  the  enforcement  of  the  rule  requiring  the  cutting  off  of  telegraphic 
service  unless  reports  of  displays  were  rendered,  in  some  instances, 
resulted  in  the  loss  of  their  cooperation,  much  to  my  regret.  I  am  in 
favor  of  allowing  the  telegrams  for  the  purpose  of  bulletin  displays 
where  flag  displaymen  are  not  available,  except  in  the  larger  towns. 

Mr.  McGann.  It  is  my  experience  in  New  Jersey  that  it  is  not  a 
desirable  plan  to  have  one  person  act  in  the  capacity  of  voluntary 
observer,  displayman,  and  crop  correspondent,  and  I  advise  that  differ- 
ent persons  be  secured  to  act  in  the  several  capacities. 

Seferring  to  night  signals,  Mr.  Townsend  said  that  the  short  distance 
which  these  signals  could  be  seen  would  render  such  system  faulty; 
the  proper  appliances  would  prove  too  expensive  to  render  such  a 
plan  feasible. 

Mr.  Jennings  also  thought  that  the  expense  of  night  signals  would 
be  too  great  to  make  any  system  that  might  be  tried  practicable. 

Mr.  Glenn.  I  regard  the  question  of  long-distance  signals  as  one  of 
much  importance  to  the  Weather  Bureau.  On  the  plains  the  light  from 
extensive  prairie  fires  can  be  selen  a  distance  of  about  90  miles,  and  if 
some  effective  means  of  communicating  forecasts  by  means  of  night 
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signals  can  be  devised  it  would  doubtless  prove  of  great  benefit  in  my 
State.  I  have  given  considerable  thought  to  this  question,  considering 
the  use  of  bombs,  rockets,  etc.,  and  think  that  it  would  be.  well  for  the 
National  Bureau  to  conduct  some  experiments  in  this  line.  The  Weather 
Bureau  observer  at  Pierre,  S.  Dak.,  is  very  favorably  situated  for  test- 
ing any  nnch  system. 

Mr.  Jennings.  So  far  as  distance  at  which  the  lights  might  be  seen  is 
concerned,  electric  lights  may  be  seen  20  to  25  miles  distant  from  an 
observer,  and  objects  m<ay  be  seen  in  daytime  30  or  35  miles  away,  so 
that  there  can  be  no  doubt,  if  proper  appliances  could  be  had  at  an 
expense  that  would  not  be  too  great,  such  signals  would  be  the  means 
of  making  known  the  forecasts  over  a  wide  extent  of  territory. 

Major  DuNWOODY.  From  experiments  made  in  Pennsylvania,  at 
Williams  Grove  and  Mechanicsbnrg,  with  lights  and  rockets,  the  farm- 
ers were  favorably  impressed  with  the  system.  The  Weather  Bureau 
officials  at  Pierre  or  Huron  might  be  able  to  do  effek^tive  work  in  the 
way  of  announcing  cold  waves. 

Mr.  Glenn.  In  my  opinion  lohg-distance  night  signals  should  be 
used  only  for  cold  wave  and  storm  warnings,  and  not  for  the  ordinary 
daily  forecasts. 

Mr.  Paoue.  There  are  instances  where  the  forecasts  had  been  dis- 
played by  stereopticou  lights  on  the  stages  of  theaters  with  good  effect, 
and  I  believe  the  plan  to  be  very  good.  Of  course  such  a  system  could 
only  be  used  in  the  populous  cities.  Experiments  had  been  made  with 
flash  lights  between  Mount  Hood  and  Portland,  Greg.,  a  distance  of 
70  miles,  but  the  light  was  of  insufficient  power  to  prove  effective.  If 
a  plan  of  night  signals  could  be  x)ut  into  successful  operation  at  Mount 
Hood  it  would  give  150,000  people  the  benefit  of  the  forecasts.  On 
account  of  the  difference  between  Pacific  Coast  and  Eastern  time  it  is 
possible  to  give  the  forecasts  based  upon  the  8  p.  m.  (75th  meridian 
time)  observations  distribution  on  the  Pacific  iJoast  at  an  hour  suf- 
ficiently early  to  make  the  forecasts  of  much  greater  value  than  would 
be  possible  if  distributed  two  or  three  hours  later  (local  time),  as  is  the 
case  east  of  the  Mississippi  Biver. 

Topic  No.  7. 

Mr.  Clabke.  I  have  spoken  at  farmers'  conventions  of  the  great 
need  for  the  inspection  of  voluntary  stations,  and  long  recognized  that 
such  inspections  are  of  the  first  importance;  and  after  having  suc- 
ceeded in  providing  the  necessary  means,  the  general  authority  was  cut 
off  by  the  central  office  of  the  National  Bureau,  so  that  the  trips  could 
not  be  made  without  a  sx)ecially  granted  authority  for  the  necessary 
absence  in  each  case.  [As  evidence  of  the  necessity  for  the  inspections, 
Mr.  Clarke  cited  cases  in  which  it  had  been  found  that  the  maximum 
thermometers  in  use  were  acting  as  ordinary  exi)Osed  thermometers, 
thereby  giving  erroneous  records.]    Until  the  officials  were  given  the 
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general  authority  that  they  formerly  had^  these  iuspections  coald  not 
be  advantageously  made. 

Mr,  McGann.  It  is  of  the  utmost  importance  that  inspections  be 
made,  and  it  will  not  only  be  necessary  to  restore  the  former  general 
authority  for  the  necessary  absences,  but  the  time  should  be  extended 
to  cover  three  days;  the  former  authority  allowed  two  days.  It  is  a 
pleasant  duty  to  meet  the  voluntary  observers  of  the  State  service,  who 
are  among  the  best  classes  of  people,  and  acquaint  them  in  their  work. 

Mr.  Jennings.  A  personal  inspection  of  voluntary  stations  brings 
the  directors  and  observers  nearer  together  and  arouses  greater 
interest  in  the  work.  I  find  that  observers  welcome  the  visits  of  the 
director  for  the  purpose  of  inspection.  There  being  very  few  instru- 
ment shelters  in  use  in  Kansas,  inspections  become  the  more  important, 
that  the  best  exposures  possible  without  shelters  may  be  secured.  [He 
cited  a  case  where  the  readings  of  the  minimum  thermometer  were 
made  at  the  wrong  end  of  the  index.]  Such  errors  are  liable  to  occur 
with  x)ersons  who  under  proper  instruction  from  personal  inspection 
become  the  most  efficient  observers.  Months  of  correspondence  often 
fails  to  accomplish  what  can  readily  be  eflPected  by  personal  iuterview. 

Mr.  Glbnn.  I  agree  with  Mr.  Jennings  in  what  he  said  with  refer- 
ence to  inspections.  In  South  Dakota  some  of  the  most  indiflferent 
observers  have,  as  a  result  of  personal  instruction,  become  the  most 
efficient.  Owing  to  distances  and  difficulties  in  travel,  the  time  limit 
for  inspections  should  be  increased  to  four  days. 

Mr.  TowNSEND.  It  is  of  the  utmost  importance  that  voluntary  obser- 
vation stations  be  inspected  for  the  purpose  <jf  remedying  defects  in 
instruments.  Air  specks  in  thermometers  prove  troublesome  and  are 
easily  removed  by  an  experienced  person,  but  many  instruments  are 
broken  by  inexperienced  i)ersons  in  their  efforts  to  correct  such  defects. 
I  found  in  one  case  a  maximum  thermometer  suspended  after  the  man- 
ner of  the  ordinary  eiposed  thermometer. 

Mr.  Pague.  I  have  at  former  conventions  urged  the  importance  of 
inspecting  voluntary  stations  for  the  purpose  of  forming  the  acquaint- 
ance of  observers  and  giving  them  instruction.  These  inspections 
bring  the  colaborers  in  State  service  into  close,  harmonious  relations, 
and,  to  secure  best  results,  should  be  made  annually.  An  annual 
inspection  of  stations  will  do  more  to  develop  our  work  than  any  other 
means  can  possibly  accomplish. 

Topic  No.  8. 

Mr.  Jennings.  The  present  outfit,  consisting  of  a  set  of  maximum 
and  minimum  thermometers  and  a  rain  gauge,  is  satisfactory.  A  more 
extensive  outfit  would  be  inadvisable,  at  least  at  the  present  time,  in 
view  of  the  difficulties  met  in  securing  the  best  results  possible  with 
the  present  outfit. 

Dr.  Cbonk.  The  outfit  mentioned  by  Mr.  Jennings  is  ample. 
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Mr.  TowNSEND.  Eflforts  to  secure  humidity  observations  in  Pennsyl- 
vania have  been  unsuccessful,  and  nothing  other  than  a  suitable 
iustiiiuient  shelter  should  be  added  to  the  observer's  present  equip- 
ment, viz,  maximum  and  minimum  thermometers  and  rain  gauge. 

Mr.  McGann.  I  consider  wind  vanes  as  necessary,  and  I  shall 
endeavor  to  provide  New  Jersey  observers  with  them. 

Mr,  Townsend  asked  an  expression  as  to  the  hours  of  observation. 

Mr.  Jennings  stated  the  Kansas  observers  were  reciuested  to  take  their 
observations  at  7  p.  m.  ^^  railroad  time,"  corresponding  to  the  8  p.  m. 
75thmeridian  time. 

Mr.  Hardiuge  state<l  that  the  Kew  York  observers  were  instructed  to 
take  their  observations  about  sunset,  no  more  definite  hour  being  fixed. 

There  being  no  further  remarks,  and  the  programme  of  subjects  having 
been  gone  through  with,  the  president  stated  that  he  would  be  pleased 
to  have  the  directors  present  relate  their  experiences  with  reference  to 
efforts  made  to  secure  State  or  local  aid  in  carrying  on  the  w^ork  of 
their  resi>ective  services. 

Mr.  Townsend.  Pennsylvania  has  appropriated  $6,000  for  the  work 
of  the  weather  service  in  that  State.  This  sum  is  used  in  the  purchase 
of  instruments  for  observers,  printing  the  reports,  and  employment  of  an 
assistant.  Several  years  ago  the  State  had  made  an  appropriation  of 
$5,000,  then  there  was  an  interval  when  no  support  was  furnished.  The 
disbursements  are  made  by  the  secretary  of  internal  affairs.  The  mete- 
orological committee  of  the  Franklin  Institute  has  charge  of  the  service, 
and  under  them  the  assistant  director  carries  on  the  work.  The  local 
service  is  well  and  popularly  known  throughout  the  State.  The  crop 
bulletins  are  printed;  and  as  the  widest  circulation  of  the  informsition 
they  contain  is  to  be  had  through  the  press,  my  efforts  are  mainly  in 
that  direction  rather  than  by  individual  distribution. 

Mr.  Hakdinge.  The  New  York  State  weather  bureau  is  now  under 
the  State  department  of  agriculture.  An  apprQpriation  of  $4,500  for  its 
support  was  made,  the  disbursements  being  under  the  State  commis- 
sioner.   The  work  of  the  State  service  is  stejidily  increasing. 

Mr.  Glenn.  The  first  session  of  the  South  Dakota  legislature  passed 
a  bill  creating  a  State  weather  bureau,  but  the  appropriation  requested 
for  its  support  ($600)  failed  of  passage.  A  similar  measure  failed  of 
passage  at  the  second  session  on  account  of  the  large  appropriations 
made  in  connection  w^ith  the  State's  exhibit  at  the  World's  Fair.  At 
present  I  can  not  look  for  State  aid.  The  crop  bulletin  is  a  popular 
feature  of  the  work  in  South  Dakota. 

Dr.  Hyatt.  No  bill  has  yet  been  passed  for  the  support  of  the  Mis- 
sissippi service.  The  service  is  very  popular  and  the  excellent  work 
that  has  been  accomplished  this  year,  with  the  abundant  crops,  should 
be  favorable  to  the  proposition  for  State  aid. 

Mr.  McGann.  The  New  Jersey  service  was  organized  some  years  ago 
and  an  appropriation  of  $1,000  per  annum  made  for  its  expenses.    For 
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Several  years  1  met  with  defeat  in  my  efforts  to  secure  aaslstdiDce,  but 
after  severing  all  relations  with  colleges  and  scientific  institutions,  and 
l)romising  that  the  State  service  Should  be  made  of  practical  value,  an 
appropriation  of  $1,000  was  made  by  the  State.  In  addition,  the  State 
board  of  agriculture  provides  $100*  Within  the  $1,100  the  expenses 
of  the  service  are  confined. 

Mr.  Jennings.  Owing  to  complicated  political  conditions  existitig  in 
Kansas,  no  State  aid  has  been  secured,  and  the  local  service  relies 
entirely  upon  the  National  Bureau,  and  with  the  support  received  is  able 
to  accomplish  valuable  work.  Monthly  meteorological  reports  are  issued 
by  the  milliograph  process,  but  the  StatiB  board  of  agriculture  publishes 
the  report  in  printed  form  quarterly.  The  railroads  make  extensive 
use  of  the  meteorological  data  in  publishing  among  immigrants  the 
climatic  features  of  the  State. 

Dr.  Gronk  explained  the  conditions  under  which  the  service  in  Mary- 
land is  operated.  The  legislature  having  provided  an  annual  appro- 
priation of  $2,000  for  its  support,  the  Governor  would  not  approve  the 
act  without  assurance  that  but  one  half  the  sum  appropriated  would 
be  expended.  After  the  service  had  been  in  operation  one  year,  how- 
ever, he  withdrew  his  restriction  and  permitted  the  whole  sum  to  be 
used. 

Mr.  Pague  (Oregon).  The  Oregon  service  was  organized  by  myself 
in  1886,  the  first  monthly  reports  appearing  in  the  Commercial  News, 
published  in  the  city  of  Portland,  during  the  autumn  of  1887;  in  1888 
a  paper  was  started  which  was  devoted  entirely  to  the  work  of  the  serv- 
ice. Through  circumstances  the  work  was  discontinued  with  the 
August,  1888,  issue.  The  Oregon  legislature,  at  its  session  in  Febru- 
ary, 1889,  passed  a  bill  creating  the  State  weather  service  an:l  mak- 
ing an  appropriation  of  $2,000  for  the  same.  By  a  constitutional 
provision  the  State  printer  is  required  to  print  all  reports,  blanks,  etc., 
for  State  officers,  hence  the  printing  for  the  service  does  not  come  out 
of  the  appropriation.  At  subsequent  meetings  of  the  legislature  aid 
has  been  continued  to  the  service.  The  service  is  well  known  and  pop- 
ular in  the  State.  The  i)eople  rely  upon  it  for  clinmtic,  crop,  and  other 
statistics.  The  press  of  the  State  recognize  its  value  and  importance. 
I  am  proud  of  the  Oregon  service,  a  creature  of  my  own  making;  a 
valuable  adjunct  to  our  National  Bureau ;  a  much  i)rized,  respected, 
and  useful  organization  to  the  people  of  my  State.  We  have  the  cor- 
dial support  of  all  colleges  and  scientific  associations,  the  farmers' 
organizations,  the  good  will  and  assistance  of  the  business  and  public 
men  of  the  State. 

The  following  papers  submitted  by  absent  directors  were  presented 
and  read : 

IRRIGATION  AND  ITS  RELATION  TO   STATE   WEATHER  SERVICE   WORK. 

lu  this  crop  season,  when  ia  tho  ^rcat  central  States  of  tbe  Mississippi  VaUey 
long-continued  and  unexampled  droughts  have  parched  and  ruined  once  promising 
crops;  when  stock  lias  died  for  lack  of  \?nter;  when  destruction  has  been  wide- 
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Spread,  and  maby  farmers  have  beeu  ruined  in  fortane,  how  natural  it  is  t6  wish 
that  it  all  could  have  been  avoided ;  that  in  some  way  the  adverse  elements  could 
have  beeu  controlled. 

To  look  for  help  in  such  a  case  from  the  so-called  ''rain-makers''  is  vain,  for,  even 
conceding  the  entirely  unproved,  un demonstrated  claim  that  they  can  ''make"  arti- 
ficial rain,  or,  in  other  words,  cause  rain  to  fall  where  it  would  otherwise  not  have 
fallen,  it  is  sure  that  in  "producing''  for  one  localit}'  they  would  take  away  a  por- 
tion of  what  rightfully  would  belong  to  another. 

What  more  natural  than  for  the  mind  to  turn  from  such  scenes  of  crop  destruction 
and  desolation  as  the  past  two  months  have  witnessed  in  the  fertile  Mississippi 
Valley  to  lands  where  rain  failure  in.  the  growing  months,  though  it  may  cause  dis- 
comfort and  perhaps  loss,  can  not  cause  widespread  disaster.  How  natural  to  think 
of  those  irrigated  districts  where  the  waters  of  never-failing  rivers  or  inexhaustible 
lakes  are  turned  into  canals  and  smaller  and  ever-branching  ditches  to  water  the 
thirsty  soil,  even  as  from  the  largo  arteries  of  our  bodies  branch  the  ever-ramifying 
blood  vessels  to  the  smallest  capillaries  to  carry  food  for  our  wasted  tissues.  And 
the  thought  is  suggested,  Why,  even  in  our  great  Mississippi  Valley,  where  harvest 
is  always  almost  certain,  should  not  the  waters  of  the  ever-fiowing  streams  be 
diverted  out  over  the  land  to  insure  certain  crops  rather  than  run  fruitless  toward 
the  seaf 

The  irrigation  idea  is  not  one  of  the  brilliant  inventions  of  the  nineteenth  century. 
It  almost  appears  to  be  coeval  with  the  dawn  of  agriculture  on  the  planet.  Far 
back  beyond  authentic  history,  in  Egypt,  Assyria,  and  Mesopotamia  immense  canals 
bore  water  over  land  much  of  which  is  now  a  desert;  in  Arizona,  and  elsewhere  on 
this  continent,  explorers  have  found  ruins  of  irrigating  canals  and  reservoirs,  which 
would  indicate  that  long  before  the  discovery  of  America  a  civilized  people  carried 
on  agriculture  by  irrigation  on  an  immense  scale,  in  comparison  with  which  the  irri- 
gation revived  but  a  comparatively  short  time  ago  in  Utah  and  other  far  western 
States  is*  on  a  small  scale. 

Forty-seven  years  ago  the  pioneers  in  Utah  (pioneers  indeed  west  of  the  Missouri) 
trained  the  waters  of  the  mountain  torrents  over  a  tract  of  sage-brush  desert,  imi- 
tating the  fathers  of  primeval  times.  Their  success  was  beyond  expectation,  and 
their  example  in  converting  a  desert  into  fruitful  fields  by  the  use  of  flowing  water 
was  followed  by  other  localities  of  the  arid  region,  until  once  barren  California  has 
become  a  land  of  flowers,  blooming  orchards,  and  waving  grain,  while  the  neighbor- 
ing States  are  little  less.  What  though  no  rain  falls  during  summer,  or  scarcely  any  f 
The  mountain  x>eaks  collect  the  suows  of  winter,  and  ftom  them  flow  the  copious 
streams  which,  led  out  over  the  farms,  insure  certain  production.  Possibilities 
remain  of  great  reservoirs  and  canals  which  may  reclaim  vast  areas  of  land.  In  1891 
the  total  acreage  covered  by  ditches  was  735,226  acres.  The  total  irrigable  land  was 
2,304,000  acreSf  leaving  an  additional  acreage  susceptible  of  irrigation  of  1,568,774 
acres.  In  other  of  the  arid  States  or  Territories  I  know  not  what  the  ratio  is,  but  would 
j  ndge  it  to  be  much  greater  in  favor  of  irrigable  lands  not  covered  by  ditches.  Should 
the  bill  now  pending  in  Congress  become  a  law  the  unoccupied  arid  lands  will  be 
ceded  to  the  various  States  in  whose  confines  they  are  for  purposes  of  development 
by  irrigation. 

The  State  which  would  fall  to  develop  its  irrigation  possibilities  and  reclaim  its 
nrid  lands  would  be  making  a  very  grave  mistake. 

But  besides  in  the  arid  region  I  would  advocate  irrigation  in  all  States,  although 
they  were  considered  fertile,  where  great  droughts  are  of  frequent  occurrence  or 
even  possible.  Even  where  raiu  never  fails,  if  irrigation  were  employed  it  would 
probably  so  greatly  increase  the  productions  of  the  locality  as  to  well  pay  for  the 
cost,  but  I  think  that  irrigation  in  regions  where  droughts  occur  is  positively 
imperative,  and,  so  far  as  can  be  seeu,  does  not  present  great  difiiculties.  In  Minne- 
sota, Wisconsin,  Iowa,  Illinois,  Missouri,  are  countless  lakes  and  rivers,  while  the 
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Dakotas,  NebriMka,  and  Kansas  arc  not  poorly  supplied.  The  slope  of  the  coantry 
is  everywhere  Buflicient  to  make  a  system  of  flowing  ditches  possible.  The  legal 
difficulties  are  not  insuperable;  rights  of  way  could  easily  be  obtained  for  water 
rights ;  the  canals  could  often  be  constructed  along  the  public  highways.  To  be  sore, 
methods  of  faruiiug  would  change  as  a  result.  The  farmer  now  working  80  acres 
alone  could  not  irrigate  more  than  20 ;  but  his  increased  productions  would  many 
fold  pay  for  the  additional  help  required.  Thus  the  production  of  our  great  central 
States  might  be  increased  beyond  computiUion.  As  the  time  will  surely  come  when 
an  overdo wiug  population  will  make  all  this  a  necessity,  it  were  better,  it  seems  to 
me,  that  the  beginning  were  made  now. 

The  province  of  the  State  weather  service  in  this  is,  I  think,  tliat  of  advocacy 
and  furnishing  information.  An  opportunity  should  not  be  missed  in  State  weather 
service  publications  of  showing  what  irrigation  does,  has  done,  and  can  do.  It  is 
the  meteorologist  alone  who  can  tell  what  amount  of  rainfall  can  be  depended  upon 
to  give  the  water  supply  for  any  region.  Ho  it  is  who  may  reasonably  be  called 
upon  by  the  irrigation  engineer  to  furnish  the  primary  data.  The  weather  service 
of  a  State  should  have  sufficient  available  data  to  enable  the  water  supply  of  any  of 
its  drainage  areas  to  be  computed.  It  should  also  be  able  to  give  adequate  figures  on 
temperature  and  evaporation ;  soil  absorption,  too,  might  also  be  within  its  province. 
For  all  this,  as  many  well-selected  observing  stations  as  are  possible  are  necessary. 
They  should  be  well  distributed  along  watersheds  and  the  smaller  tributaries  of  the 
streams,  and  in  mountainous  States  as  far  up  among  the  mountains  as  people  live. 
Snowfall  measurements  should  be  made,  even  at  some  expense,  high  up  where  the 
streams  head  among  the  snow  fields. 

Is  it  objected  that  this  is  beyond  the  province  of  the  Stat«  weather  service  ?  I 
maintain  that  none  but  the  experienced,  trained,  and  well-informed  meteorologist 
can  properly  conduct  such  work ;  no  one  so  well  understands  what  an  inch  of  raiu- 
fall  or  a  foot  of  snow  means;  no  one  is  so  well  fitted  to  work  up  the  collected  data 
into  totals  and  normals;  no  one  can  so  judiciously  select  and  classify  the  stations. 
It  should,  therefore,  be  State  weather  service  work,  and  paid  for  by  the  State  where 
the  State  is  able,  otherwise  by  the  national  service. 

Three  years  ago  the  first  irrigation  congress  of  the  States  of  the  arid  region  waS 
held  at  Salt  Lake  City,  which  memorialized  Congress  to  grant  the  unoccupied  public 
lands  to  the  States  in  severalty,  in  trust  for  the  purpose  of  developing  irrigation. 
Since  then  annual  congresses  have  been  held;  the  idea  has  taken  root,  and  is  grow- 
ing; irrigation  will  yet  be,  as  our  crop  reporters  have  frequently  stated  it  to  be  in 
Utah,  *Hho  order  of  the  day. " 

With  irrigation  meteorology  is  inseparably  bound.  The  original  source  of  all  our 
lakes  and  streams  is  precipitation  in  the  form  of  rain  or  snow.  This  is  the  original 
water  supply.  The  guarantee  to  the  irrigation  engineer  of  a  sufficient  and  constant 
water  supply  is  the  information  furnished  by  the  meteorologist.  Such  information 
can  best  bo  collected  by  State  weather  services.  I  do  not  think  that  the  collection 
and  dissemination  of  such  data  necessarily  conflicts  with  the  work  of  the  irrigation 
division  of  this  Department,  any  more  than  the  crop  information  of  our  bulletins 
conflicts  with  the  work  of  the  statistical  division.  The  work  of  one  division  merely 
supplements  that  of  the  other. 

It  is  a  legitimate  aim  of  the  State  weather  services  to  ascertain  definitely  the 
amount  of  rainfall  that  occurs  in  our  several  States  and  Territories  and  the  maxi- 
mnm  amount  of  it  that  can  be  rendered  available  for  purposes  of  agriculture. 
Should  irrigation  projects,  based  on  the  information  collected  by  the  State  weather 
services,  succeed  in  reclaiming  a  vast  amount  of  hitherto  valueless  land,  and  make 
crops  a  certain  success  in  regioivs  where  now  possible  droughts  render  them  pre- 
carious and  uncertain,  all  the  money,  time,  and  thought  the  services  have  cost  will 
have  been  expended  to  the  best  advantage. 

George  N.  Salisbury, 
Ohset^er  Weather  Bureau,  Director  Vtah  JVeather  Service, 
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The  following  paper  dealing  with  the  characteristics  of  Utah  in  their 
relation  to  State  weather  service  work  was  written  by  Mr.  Salisbury : 

CHARACTERISTICS   OF    UTAH    IN   RELATION   TO   STATE   WEATHER   SERVICE   WORK. 

Utah!  What  varied  conceptioDS  arise  in  3-our  minds  as  this  word  is  read  -no 
two  alike,  I  venture  to  Hay,  no  matter  how  well  versed  you  may  ])e  iu  its  geoj^raphy, 
climate,  topography,  or  its  history.  And  this  is  natural,  for  all  ideas  must  vary  with 
the  point  of  view.  Utah's  winters  seem  mild  to  the  inhabitants  of  Minnesota  and 
theDakotas,  though  they  would  be  extremely  rigorous  to  the  natives  of  Florida  or 
theCarolinas;  and  our  summers  with  burning;  sun  are  vet  verv  comfortable  to  those 
accustomed  to  the  sweltering  hot  months  of  the  Atlantic  coast  States. 

Of  its  geography,  though  one  may  know  well  the  boundaries  of  the  now  embryonic 
State  (just  hatching  from  its  shell),  and  be  familiar  with  the  location  of  Great  Salt 
Lake,  Ogden,  and  the  Jordan  River,  yet  he  may  know  absolutely  nothing  of  the 
local  geography,  of  its  diversified  mountain  chains,  its  hundreds  of  beautiful  valleys, 
its  mighty  mountain-walled  rivers,  its  vast  deserts  and  rugged  peaks,  its  forests  of 
pine,  fir,  and  aspen,  its  mountain  snow  fields  and  mirrored  lakes,  with  a  thousand 
sparkling  torrents  dashing  headlong  over  granite  rocks  and  through  tangled  copses 
to  be  turned  through  ditches  into  chosen  paths  to  water  and  fertilize  the  valleys,  to 
at  last  sink  iu  the  sands  of  the  desert  or  lose  themselves  in  the  brine  of  Great  Salt 
Lake  and  again  arise  to  the  sky  from  its  surface.  Of  its  fruitful  fields,  many,  though 
small,  he  has  little  conception  unless  he  has  traveled  among  them.  Its  history — ah, 
that  is  more  or  less  known  to  all;  but  charity  will  not  rudely  tear  aside  the  veil  that 
kind  oblivion  is  weaving.  History,  too,  varies  with  the  point  of  view;  to  the  pio- 
neers of  Utah  their  record  is  all  glorious,  whatever  it  may  be  to  others,  while  the 
newcomers  fancy  that  they  themselves  have  dcme  all  that  has  been  worthily  done  iu 
the  Territory  of  temples,  tabernacles,  and  presidents.  I  dwell  Bt>  at  length  on  this 
introduction  merely  to  show  how  different  things  seem  from  different  standpoints — 
how  different  Utah  is  to  the  Utah  man  from  what  it  is  to  the  Eastern  man;  and 
doubtless  it  is  the  same  way  iu  other  States. 

Utah's  well-known  unbounded  wealth  in  the  metals  has  made  it  appear  to  many 
exclusively  a  mineral  region,  and  so  it  is  to  the  miner.  Those  who  know  of  its 
immense  mountain  pastures,  great  herds  of  cattle,  and  flocks  of  sheep,  think  it  pre- 
eminently a  grazing  country.  Truly,  from  the  standpoint  of  the  cattle  and  sheep 
men,  Utah  is  a  grazing  region. 

But  to  the  tillers  of  the  soil — who  have  so  patiently  grubbed  out  the  sage  brush, 
dammed  the  mountain  torrents,  constructed  reservoirs,  trained  their  ditches  over 
the  fields,  built  flood  gates,  and  wasteweirs,  and  service  gates,  broken  the  soil,  planted 
orchards  and  fields,  and  never  failed  to  harvest  some  bountiful  crop,  if  only  of  the 
plain  and  unprepossessing  potato — it  is  a  paradise  of  the  agriculturist. 

It  is  with  agriculture  that  State  weather  services  have  had  most  to  do,  although 
too  exclusively,  I  am  inclined  to  believe.  Climate  affects  all  interests,  industries, 
and  occupations  to  a  greater  or  less  degree,  and  although  agriculture  may  be  entitled 
to  receive  more  attention  from  the  State  weather  service  than  other  persuits,  any 
possible  benefits  to  the  others  should  not  be  lost  sight  of. 

Of  all  the  pursuits  mining  may  be  justly  considered  as  the  one  which  takes  the 
least  interest  in  climatic  work,  and  as  the  one  hardest  to  reach  with  any  benefits  of 
the  service,  notwithstanding  its  water  supply  (an  essential)  is  entirely  dependent 
upon  climate,  and  the  periods  during  which  development  may  be  profitably  done, 
and  ore  hauled,  can  be  determined  from  climatic  statistics.  The  search  for  the  allur- 
ing metal  is  t-oo  absorbing  to  permit  of  such  secondary  considerations. 

The  climatic  service  in  Utah  has  been  principally  utilized  by  agricultural,  sani- 
tary, and  advertising  interests.  Of  late,  however,  the  accurate  details  of  theserv- 
ice  have  not  been  glowing  enough  for  the  uses  of  the  railroad  pamphlets  and  the 
various  circulars  advertising  Utah,  but,  for  reasons  best  known  to  themselves  or 
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readily  suspected  by  a  weather  inrestigator,  tbey  bare  preferred  io  nse  tbose  glit- 
tering generalities  about  climate  which  allure  without  betraying.  According  to  my 
thinking,  however,  Utah  has  nothing  that  need  be  concealed  in  the  matter  of  climate, 
and  tourists  and  settlers  would  be  more  attracted  and  sanitariums  sooner  built  up  at 
our  hot  springs  and  resorts  by  publishing  to  the  world  the  exact  facts. 

Utah  has,  as  regards  temperature,  four  distinct  re;^ions:  First,  the  valleys  on  the 
eastern  side  of  Great  Salt  Lake,  with  a  moan  annual  temperature  of  50^  to  slightly 
above;  second,  the  great  plateau  region  of  the  central  and  western  parts,  with  an 
annual  mean  below  50^ ;  third,  the  extreme  north  of  the  Territory,  with  annual 
mean  of  40  to  45^ ;  and,  fourth,  the  extreme- southwest  portion,  with  annual  mean  of 
50  to  60^.  At  St.  George,  in  the  latter  region,  the  summer  temperature  sometimes 
reaches  as  high  as  118^  on  the  hottest  day.  On  very  few  winter  days  does  the  tem- 
perature fall  below  the  freezing  point,  and  never  below  zero. 

These  divisions  of  climate  are  duo  to  the  combiued  effect  of  latitude,  storm 
direction,  and  topography.  The  latter  is  somewhat  peculiar.  The  WuHatch  Moun- 
tains, extending  to  a  height  of  8,000  feet  above  the  general  Hurfacc  of  the  plateau, 
with  parallel  ranges  and  many  lateral  spurs,  traverse  the  Territory  from  north  to 
south,  while  the  Uintah  range,  still  higlier,  in  the  northern  i)art  of  the  Territory, 
forms  a  connecting  link  between  the  Wasatch  chain  and  the  iiiaiu  divide  of  the 
Rocky  Mountains.  The  deserts  in  the  western  third  of  the  Territory  and  the  prin- 
cipal mountain  valleys  are  4,000  to  6,000  feet  above  the  sea.  The  valleys  in  the 
extreme  southwest  are  less  in  elevation,  being  2,000  to  3,000  feet  above  sea  level. 

Omitting  the  small  streams  flowing  into  Bear  Lake,  there  are  but  two  river  sys- 
tems— those  going  into  the  Colorado  and  those  tributary  to  the  great  evaporating 
lakes.  All  have  their  sources  in  the  snow  fields  of  the  mountains.  The  streams  flow, 
ing  into  the  Colorado  run,  for  the  most  part,  in  what  are  known  as  box  canyons,  from 
hundreds  to  thousands  of  feet  below  the  general  surface,  and,  therefore,  little  of 
them  can  be  utilized  in  reclaiming  that  vast  area  of  arid  land  oast  of  the  Wasatch 
chain.  The  rivers  and  mountain  streams  of  the  other  systems,  however,  flow 
through  more  or  less  open  valleys,  and  are  capable  of  being  utilized  to  the  last  drop 
in  watering  the  soil.  The  soil  is  that  sort  of  "gumbo"  found  beneath  sage  brush  in 
the  Western  States,  and  is  of  unsurpassed  fertility  when  properly  watered.  The 
valleys  of  lowest  elevation  produce  splendid  crops  of  grain  and  vegetables,  and 
with  proper  cultivation  the  finest  quality  of  such  fruits  as  can  endure  a  winter  season 
are  produced. 

It  is  in  these  valleys,  therefore,  that  the  agricultural  part  of  the  population  (and 
indeed  nearly  all  of  it)  live,  and  so  it  is  with  these  valleys  that  the  Utah  weather 
service  has  most  to  do.  For  a  knowledge  of  the  precipitation  of  the  Territory  i  t  is 
indeed  very  desirable  to  ascertain  how  much  rain  and  snow  fall  over  the  desert, 
and  how  much,  especially  of  the  snows  of  winter,  falls  on  the  mountain  peaks;  but, 
manifestly,  a  volunteer  service  can  not  be  established  where  no  people  live.  It  is  in 
the  valleys,  irregular  as  they  are,  that  stations  have  to  bo  established.  They  roust 
be  established,  if  at  all,  where  they  can  be,  and  be  undertaken  by  such  observers  as 
are  willing  to  give  their  services  gratis.  Such  men  may  not  be  those  best  fitted  in 
their  communities.  Usually  they  are  what  is  termed  "weather  cranks'*  by  their 
neighbors,  who  can  see  no  objective  point  to  any  pathway  that  does  not  lead  directly 
to  a  pile  of  dollars.  For  only  a  portion  of  the  population  of  UtAh  arc,  to  use  a  much 
abused  colloquialism,  "out  there  for  their  health."  In  the  mining  towns  none  are 
willing  to  give  their  time,  which  to  them  means  money,  or  such  as  might  are  too 
rough  and  unintelligent  for  the  purpose.  In  the  cities  the  professional  mc^n,  while 
best  fitted  for  the  work  of  observation,  are  too  busily  occupied  in  chasing  the 
exceedingly  nimble  and  fast-receding  dollar. 

So,  such  weather  service  as  there  is  has  collected  its  cori>s  of  voluntary  observers 
by  a  similar  process  to  what  is  named  by  scientists,  "natural  selection  and  survival 
of  the  fittest."  Some,  unpromising  at  first,  have  become  in  time  very  good,  and 
others  starting  well,  soon  tired  of  the  work  and  became  inefficient. 
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The  city  newspapers  have,  as  a  mle,  done  much  to  foster  the  service^  while  the  indif- 
fereuce  of  the  mining  interests  and  the  conservatism  of  a  large  element  of  the  popu- 
lation have,  undoubtedly,  had  their  effects.  In  oyercomingsnch  adverse  influences, 
local  pride,  and  also  the  personal  pride  of  the  observer,  have  to  be  appealed  to. 
Time  will  gradually  accustom  these  communities  to  the  service  so  that  it  will  appear 
to  them  indispensable. 

Under  such  circumstances,  and  with  such  materials,  the  climatic  statistics  of  Utah 
have  been  collected.  You  readily  understand  how  the  mountainous  character  of  the 
country  has  prevented  much  railroad  and  telegraph  extension,  and  how  the  conse- 
queut  poor  mail  and  telegraph  facilities  have  hindered  both  the  collection  and  dis- 
tribution of  data.  Nothing  done  by  the  service  has  so  talcen  the  popular  fancy  as 
the  weather  crop  bulletins.  The  farmers  have  delighted  to  report  their  crops,  and 
eagerly  scan  the  bulletins.  One  reporter  informed  me  that  several  of  his  neighbors, 
discouraged  by  the  poor  crops  of  last  year,  would  have  moved  away,  had  they  not 
seen  by  the  bulletins  that  it  was  a  poor  year  throughout  the  Territory.  The  daily 
papers  have  given  great  prominence  to  the  bulletins. 

How  far,  it  may  be  asked,  can  the  Service  bo  advantageously  ext-ended  in  a  terri- 
tory of  84,750  square  miles,  of  which  only  750,000  acres  are  under  cultivation?  I 
would  advocate  that  not  only  the  inhabited  districts  be  represented  by  voluntary 
observers,  but  that  paid  observers  be  located  on  the  mountains  and  deserts  until  the 
climate  shall  be  well  determined.  This  should  properly  be  done  by  the  State,  but  if 
not  done  by  the  State  it  ought  to  be  done  by  the  National  Service.  With  a  system- 
atic development  of  the  arid  but  tillable  land  yet  unirrigated,  the  extent  of  the 
inhabited  territory  may  be  doubled,  and  the  Service  correspondingly  increased. 

In  this  development  the  Weather  Service  ought  to  have  an  important  part  in  fur- 
nishing precipitation  data  whieh  hydraulic  engineers  may  use  to  calculate  the 
water  tributary  to  their  storage  reservoirs  or  the  streams  from  which  their  canals 
are  taken. 

The  distribution  of  forecasts  in  a  country  like  Utah,  where  the  farmers  regularly 
water  their  crops  whether  it  rains  or  shines,  is  of  less  importance  than  in  other 
countries,  and  it  is  difficult  to  see  their  utility,  except  as  storm  warnings  and  frost 
and  cold-wave  warnings.  The  grazing  industry,  however,  could  be  largely  bene- 
fited by  well-timed  warnings.  There  ought  to  be  more  security  for  the  immense 
flocks  of  sheep  and  herds  of  cattle  that  now  graze  in  the  elevated  valleys.  Warn- 
ings of  severe  storms  and  cold  waves  could  and  should  be  given  two  days  in  advance. 

So  much  for  Utah's  climate,  resources,  and  possibilities  of  State  weather  service 
work,  and  yet  the  half  has  not  been  told.  Without  the  spirit  of  prophecy,  one  who 
runs  may  read  that  with  returning  prosperity  throughout  the  country,  a  career  of 
wonderful  development  is  about  to  open  for  Utah.  Her  mines  will  be  worked  to 
full  capacity,  railroads  will  be  built,  the  wheels  of  industry  will  turn,  her  acreage 
under  cultivation  will  double,  great  harvests  of  fruit  will  yet  bo  produced,  her 
bountiful  wheat  harvests  will  continue,  her  cities  become  populous,  her  common 
schools  and  educational  institutions  equal  the  finest  in  the  land.  Thus,  out  of  the 
desert  will  arise  a  great  empire  State — a  bright  particular  star  in  the  galaxy  of 
States.  May  it  be  so,  and  with  such  advancement  may  the  Utah  weather  service 
keep  pace,  being  ever  an  important  factor  in  that  development. 

George  N.  Salisbury, 
Utah  Weather  Service,  Salt  Lake  City,  Utah, 
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Mr.  F.  P.  Chaffee,  of  Montgomery,  Ala.,  regretted  liis  absence,  but 
discussed  to  some  extent  the  fifth  topic  in  the  following  letter  to  Pres- 
ident Dun  woody : 

MONTGOMKRY,  Ala.,  Auguat  12,  1894, 
Maj.  H.  H.  C.  Dun  WOODY, 

President  American  A$8oeiation  of  State  Weather  Services, 

Washington,  D.  C, 

Sir:  Owing  to  causes  beyond  my  control,  I  will  be  unable  to  attend  the  con- 
vention of  the  association  to  be  held  at  Brooklyn,  N.  Y.,  during  the  present  month. 
While  regretting  my  inability  to  be  present,  I  must  say  that  the  meeting  has  my 
hearty  sympathy  in  its  work,  which,  like  those  of  previous  meetings  of  the  associa- 
tion, can  only  result  in  the  improvement  of  the  State  weather  services  of  the  coun- 
try, and  increasing  the  benefits  derived  therefrom. 

In  reference  to  the  iifth  topic  for  discussion  of  the  third  annual  convention  of  the 
association — "Monthly  publication  of  State  weather  services:  (a)  Should  the  pub- 
lication of  monthly  reports  containing  advertisements  be  encouraged  f '* — I  would 
submit  the  following : 

As  understood  by  the  writer,  the  only  cases  in  which  advertisements  appear  in 
such  publications  is  where  there  has  been  a  demand  for  such  an  increase  in  the  pub- 
lication of  the  monthly  reports  as  could  not  be  well  met  with  the  crude  and  labori- 
ous method  of  issuing  them  by  the  miliiogra])h  and  similar  duplicating  processes, 
and  where  no  State  aid  is  furnished  to  print  the  reports. 

In  such  cases  the  advertisements  are  a  matter  of  necessity,  as  thoy  pay  for  the 
printing  and  other  expenses  incident  to  the  publication. 

It  is  thought  that  there  is  hardly  a  case  where  the  maintenance  of  such  publica- 
tions has  been  a  matter  of  profit,  and  in  many  such  cases,  it  in  thought,  they  have 
been  of  some  pecuniary  loss  to  those  publishing  them. 

The  advantage  of  printed  publications  over  milliographed  reports  is  very  evident. 
They  present  the  information  in  more  attractive  and  more  readable  shape,  admit  of 
a  much  wider  publication,  and  are  a  means  of  creating  more  interest  in  the  work 
among  the  voluntary  observers  and  the  general  public. 

Knowing  the  advantages  of  printed  publications,  it  would  soem  that,  should  the 
maintenance  of  the  printed  monthly  reports  by  advertisements  be  discouraged 
where  no  State  aid  can  be  obtained  for  such  publications,  some  other  means  should 
be  provided  for  printing  these  reports.  With  this  end  in  view,  I  would  suggest  the 
following : 

That  where  no  State  aid  is  furnished  the  State  weather  services,  that  the  monthly 
reports  of  such  services  be  printed  at  the  central  oflice  of  the  National  Weather 
Bureau,  and  a  sufficient  number  of  copies  of  the  same  be  furnished  the  directors  of 
the  State  weather  services  for  distribution.  The  Monthly  Weather  Review  of  the 
National  Bureau  now  publishes  a  i)ortion  of  the  detailed  data  of  the  voluntJiry 
reports  of  the  various  State  weather  services.  By  increasing  this,  and  devoting,  say, 
one  page  of  the  Review  to  the  reports  of  each  of  the  State  services,  the  Monthly 
Weather  Review  would  be  made  more  complete  and  more  valuable  us  a  statistical 
publication,  and  advance  sheets  of  such  pages  could  be  printed  and  forwarded  to 
the  various  State  weather  service  centers,  where  they  would  serve  very  nicely  for 
monthly  reports. 

Such  a  system  would  not  be  very  expensive,  and  would  entail  no  great  delay  in 
publication,  as  many  of  the  monthly  reports  of  the  State  weather  services  are  now 
published  several  weeks  after  the  month  of  which  they  form  a  record,  and  it  would 
have  the  a<l vantage  of  insuring  quite  a  uniformity  in  the  reports. 

The  **copy ''  for  these  reports  could  be  made  up  at  the  State  weather  service  centers 
and  forwarded  to  Washington  by  the  10th  of  the  succeeding  month,  and  could  prob 
ably  be  printed  and  copies  returned  for  distribution  as  quickly  as  the  reports  of  many 
of  the  State  weather  services  are  now  published. 
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I  inclose  herewith  a  sample  of  about  how  such  a  report  as  just  suggested  should 
be  made  up.  This  might  be  considerably  contracted,  by  condensing  both  the  sum- 
mary and  the  table.  The  daily  temperatures  and  the  daily  rainfalls  are  not  given  in 
this  sample,  as  it  is  not  considered  necessary,  ns  a  record  of  such  data  can  be  kept 
at  the  central  stations,  from  'which  demands  for  such  information  can  be  met. 

It  is  understood  that  a  number  of  objections  might  be  offered  to  the  method  sug- 
gested  above,  but  it  is  mentioned  with  a  view  of  exciting  J  ust  such  criticism,  from 
which  might  evolve  some  better  method  of  printing  the  monthly  reports  of  the  State 
weather  services. 

Very  respectfully,  F.  P.  Chaffee, 

Local  Forecast  Official ,  Weather  Bureau, 

Director  Alabama  8,  W,  S. 

Upon  motion  of  Mr.  Jennings,  duly  seconded,  the  constitution  ^  was 
ameuded  as  follows: 

After  section  1,  Article  II,  add:  "Provided  the  President  may  have 
power  to  call  the  meeting  at  some  other  time  and  place.'' 

OFFICERS   OF   THE  ASSOCIATION. 

The  election  of  officers  for  she  ensuing  year,  as  below,  concluded  the 
work  of  the  convention : 

President,  Maj.  H.  H.  C.  Dunwoody,  U.  S.  A.,  assistant  chief  of 
Weather  Bureau,  Washington,  D.  C;  first  vice-president,  T.  F.  Town- 
send,  Weather  Bureau,  assistant  director  Pennsylvania  weather 
service,  Philadelx>hia,  Pa.;  second  vice-president,  S.  W.  Glenn,  local 
forecast  official,  director  South  Dakota  weather  service,  Huron,  S. 
Dak.;  secretary  find  treasurer,  James  Berry,  chief  State  weather  serv- 
ice division.  Weather  Bureau,  Washington,  D.  C;  executive  com- 
mittee, Messrs.  J.  Warren  Smith,  director  New  England  weather 
service,  Boston,  Mass.,  Mr.  E.  W.  McGann,  director.  New  Jersey 
weather  service,  New  Brunswick,  N.  J.,  and  Dr.  0.  P.  Cronk,  meteor- 
ologist in  charge  Maryland  weather  service,  Baltimore,  Md. 


'  See  First  Annual  Report,  Americau  Association  of  State  Weather  Services. 
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LETTER    OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Weather  Bureau, 
Washington,  D.  C,  March  18, 1895. 

Sib  :  I  have  the  honor  to  transmit  herewith  a  revised  copy  of  the 

circular  of  information  entitled  "  Protection  from  Lightning,"  and  to 

recommend  its  publication  as  a  Bulletin  of  the  Weather  Bureau. 

Very  respectfully, 

Mark  W.  Harrington, 

Chief  of  Bureau. 

Hon.  J.  Sterling  Morton, 

Secretary  of  Agriculture. 
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LETTER    OF    SUBMITTAL. 


Washington,  D.  C,  March  11,  1895. 

Sib  :  I  have  the  honor  to  submit  for  publication  a  revised  copy 
of  the  pamphlet  entitled  "  Protection  from  Lightning."  Upon  few 
subjects  is  the  community  so  liable  to  be  misled  as  on  that  of 
the  best  methods  of  protecting  life  and  property  from  lightning. 
The  following  pages  give  statistics  of  actual  losses,  the  theory  of 
protection  in  language — free  from  technicalities,  and  directions  for 
procedure  in  cases  of  apparent  death  from  lightning  stroke.  A  col- 
lection of  practical  rules  for  guidance  in  selecting  and  maintaining 
conductors,  and  a  notable  instance  in  the  case  of  the  Washington 
Monument  of  the  successful  use  of  protectors,  are  also  given. 

The  aim  of  the  paper  is  to  furnish  information  of  practical  value 
to  all  classes,  and  especially  to  farmers,  builders,  and  physicians. 
Very  respectfully, 

Alexander  McAdie. 

Mark  W.  Harrington, 

Chief  of  Weather  Bureau, 
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PEOTEOTION  FROM  LIGHTNING. 


At  the  Aberdeen  meeting  of  the  British  Association  for  the- Ad- 
vancement of  Science  Sir  William  Thomson  made  the  remark,  "  If 
I  orge  Glasgow  manufacturers  to  put  up  lightning  rods  they  say  it  is 
cheaper  to  insure  than  to  do  so." 

This  was  the  answer  given  by  practical  business  men,  concerned 
only  with  questions  of  profit  and  loss,  to  the  foremost  physicist  of 
"our  time;  and  their  answer  will  serve  as  fairly  representing  views 
widely  held,  founded  upon  the  double  belief  that  the  risk  from  light- 
ning is  not  BO  very  great  and  the  protection  afforded  by  the  present 
methods  not  sufficiently  certain  to  warrant  implicit  confidence  and 
justify  the  necessary  expense. 

The  recent  remarkable  experiments  of  Dr.  Oliver  Lodge,  in  his 
lectures  before  the  Society  of  Arts,  opposing  and  to  some  degree  di- 
rectly contradicting  the  empirical  rules  of  the  Lightning  Rod  Con- 
ference, have  given  support  to  the  belief  that  the  protection  was 
uncertain.  Indeed,  realizing  that  his  work  might  be  misinterpreted, 
Lodge  has  stated  "  an  idea  at  one  time  got  abroad  that  my  experiments 
proved  existing  lightning  conductors  to  be  useless  or  dangerous ;  this 
is  an  entire  misrepresentation.  Almost  any  conductor  is  probably 
better  than  none,  but  few  or  no  conductors  are  absolute  and  complete 
saf  ^^ards.  Certain  habits  of  lightning  rod  practice  may  be  improved 
and  the  curious  freaks  or  vagaries  of  lightning  strokes  in  protected 
buildings  are  intelligible  without  any  blame  attaching  to  the  con- 
ductor ;  but  this  is  very  different  from  the  contention  that  lightning 
rods  are  unnecessary  and  useless.  They  are  essential  to  anything  like 
security."* 

What  Lodge's  brilliant  experimental  work  does  show  is  that  the 
momentum  of  an  electric  current  can  not  be  overlooked  in  a  light- 
ning discharge.  The  old  ''drain-pipe  "  idea  of  conveying  electricity 
gently  from  cloud  to  earth  must  give  place  to  the  new  proposition, 
based  upon  recent  discoveries,  that  even  draining  off  must  be  done  in 
an  appropriate  way  to  be  effective.  To  illustrate,  the  rocks  and  trees 
upon  a  mountain  side  may  influence  and  determine  the  course  of  a 
mountain  stream,  but  even  a  good  sized  channel  would  not  suffice  to 
carry  off  safely  an  avalanche,  or  control  the  path  of  a  landslide ;  so 
with  lightning.  In  the  past  four  years  we  have  learned,  through  the 
work  of  Hertz  and  others,  that  when  an  electric  current  flows  steadily 

^  Page  VL     "  Tiightning  Conductors  and  Lightning  Quardfl." 
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in  one  direction  in  a  cylindrical  wire  its  intensity  is  the  same  in  all 
parts  of  the  wire ;  but  if  the  current  be  of  an  oscillatory  character, 
i.  e.,  a  current  which  rapidly  reverses  its  direction,  the  condition  no 
longer  holds,  and  if  the  alternations  are  very  rapid  the  interior  of  the 
wire  may  be  almost  free  from  current.  If  lightning  then  be  a  dis- 
charge of  an  oscillatory  character,  it  may  happen  that  the  current 
down  the  lightning  rod  would  be  only  skin  deep.  The  experiments  of 
Tesla  and  Elihu  Thomson  with  currents  of  great  frequency  of  alter- 
nation and  very  high  potentials  open  the  door  to  systematic  study  of 
discharges  such  as  the  ordinary  lightning  flash.  In  daily  work  cur- 
rents of  this  type  are  coming  more  and  more  into  prominence,  and 
the  time  is  not  far  distant  when  the  lightning  flash  will  be  studied  as 
an  electrical  discharge  of  this  character.  Protection  entirely  adequate 
for  such  discharges  will  then  be  forthcoming.  Indeed,  the  reasons 
why  present  methods  occasionally  fail  are  now  understood,  and  the 
proper  remedies  apparent. 

And  first  let  us  sea  whether  it  is  cheaper  to  insure  than  to  provide 
proper  protection.  Foreign  countries,  especially  Grermany,  France, 
and  Great  Britain,  have  recognized  the  importance  of  obtaining 
reliable  data  concerning  the  loss  of  life  and  damage  to  property 
through  lightning.  Perhaps  the  work  of  the  Royal  Prussian  Bureau 
of  Statistics^  gives  the  fullest  and  most  detailed  accounts  of  the 
damage  done  by  lightning  in  Germany,  and  the  relative  injury. 
Statistics  are  available  for  the  number  of  houses  struck,  the  number 
of  fires,  the  character  of  the  roofing,  soil,  etc. 

In  1891  the  Weather  Bureau  issued  to  its  observers  instructions  to 
report  at  the  end  of  every  month  the  names,  with  corroborative  dates 
and  places,  of  all  persons  killed  by  violent  windstorms,  tornadoes, 
and  lightning.  During  1890  somewhat  similar  statistics  had  been 
gathered,  but  the  returns  were  less  systematically  arranged.  In  pre- 
paring the  Weather  Bureau  lists,  observers  were  directed  to  examine 
all  daily  papers  published  in  their  respective  cities,  consult  all  local 
authorities,  and  make  inquiry  if  necessary.  Naturally,  where  de- 
pendence was  had  upon  newspaper  items,  there  resulted  much  dupli- 
cation, but  in  verifying  names  and  dates  the  duplicates  quickly 
appear  and  exaggerated  reports  are  easily  confined  to  proper  limits. 

From  the  Weather  Bureau  records  which  have  been  tabulated,  it 
appears  that  in  the  United  States,  for  the  five  years  1890-'94,  1,120 
lives  wer6  lost,  an  average  of  224  lives  per  year. 

It  is  also  evident  that  these  lives  were  practically  all  lost  in  five 
months — ^April  to  September — and  that  in  June  and  July  the  maxi- 
mum death  rate  occurs. 

The  Weather  Bureau  records  unfortunately  do  not  give  informa- 

^  BeitrUge  zur  Statistick  de  Blitzschlttge  in  Deutschland;  by  Dr.  Hellmann,  Berlin, 
1886. 
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tion  as  to  the  extent  of  damage  to  property.    To  get  at  something 

like  a  fair  commercial  estimate  of  the  destruction  of  property  by 

lightning,  I  have  made  use  of  the  "  Chronicle  Fire  Tables  "  for  the 

nine  years  1885-'93.    It  is  hardly  necessary  to  remark  that  these 

tables  are  compiled  from  the  reports  of  the  fire  departments,  insurance 

companies,  and  the  reports  of  fires  in  the  public  press,  and  represent 

a  high  degree  of  accuracy. 

From  information  contained  in  these  volumes,  the  following  tables 

have  been  compiled : 

Fires  caused  by  lightning. 


Tear. 


z88s  to  1890,  indasiTe 

1891 

i8g3 

1893 


Number  of 
fires. 


Loss. 


$8,386,836 

i>  355*  535 
3,931,484 
z,  645,180 


Or,  in  nine  years,  ending  1893,  in  the  United  States,  and  for  the 
most  part  east  of  the  Rocky  Mountains,  4,176  fires,  with  a  loss  of 
114,309,015. 

It  is  very  evident,  therefore,  that  the  damage  done  by  lightning  is 
no  inconsiderable  matter,  to  be  lightly  passed  over  or  turned  off  by 
replies  such  as  the  one  given  by  the  Glasgow  manufacturers.  It  is 
certainly  worth  while  to  erect  the  proper  protective  apparatus. 

The  following  table  shows  the  number  of  barns,  stables,  granaries, 
churches,  and  dwellings  set  on  fire  by  lightning  during  the  years  1890, 
1891,  1892,  and  1893 : 

Bams,  churches,  and  dwellings  fired. 


Tear. 


1890 
1891 
1893, 
1893 


Barns, 

stables,  and 

granaries. 

Churches. 

363 
390 

495 
344 

39 

IX 

35 

Dwellings. 


X3X 

78 

177 
167 


During  ten  years  ending  1893,  2,679  barns,  129  churches,  and  831 
dwellings  have  been  struck  by  lightning. 

The  question  has  often  been  raised  whether  there  exists  a  periodicity 
in  the  number  of  lightning  strokes.  Statistics  must  cover  a  period 
of  at  least  twenty  years  before  an  answer  to  this  question  can  be  given, 
but  it  is  interesting  to  compare  the  number  and  kind  of  buildings 
struck  for  the  last  three  years  of  which  we  have  record. 

Comparison  of  buildings  set  on  fire* 


Bams,  granaries,  and  stables 

Cbarches 

Country  and  general  merchandise  stores 
Dwellings  ana  tenements 


X891. 


390 

IX 


ri 


1893.  X893. 


495 

6 
177 


344 

3i 


167 
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Comparison  of  buildings  set  on  fire — Continued. 


Electric  light  statiozifl 

Grain  elevators 

Grain  fields 

Grain,  hay,  and  straw  in  stack 

Ice  hoQ  ses 

Lighthouses  and  life-saTizig  stations  ( no  other  source  of  fire  reported ). . . . 

Li  very  stables 

Lumberyards 

Oil  refineries ' 

Oil  tanks 

Rai  1  road  depots 

Telegraph  and  telephone  offices 


Z89Z. 

Z893. 

z 

2 

■      2 

4 

Z 

zo 

Z2 

4 

4 

2 

4 

4 

2 

z 

2 

2 

2 

22 

5 

7 

2 

3 

1893- 


z 

2 
O 

7 
z 
o 
z 
o 
z 
7 
15 
4 


It  is  of  particular  interest  to  stady  the  geographical  distribution 
of  the  dwellings  and  barns  fired  by  lightning  in  these  three  years. 
There  are  some  notable  increases  in  certain  States,  the  reasons  for 
which  are  not  at  present  discernible.  Attention  is  directed  to  the 
figures  in  bold-faced  type,  showing  a  marked  increase  as  compared 
with  the  previous  year. 

Geographical  distribution. 


State. 

Barns. 

Dwellings. 

Z89Z. 

Z892. 

1893. 

Z89Z. 

1892. 

Z893. 

Alabama... 

0 
0 
0 
0 
0 

9 
4 
0 
0 
0 
0 
17 

3i 
0 

19 

z 

3 
0 

2Z 
Z2 
Z2 
26 

7 

z 

2 
0 

z 

0 

2 

14 
0 

30 

2 
0 

26 
2 

29 

I 
3 

3 
0 

4 
0 

0 

4 
z 
z 
6 
0 

0 
0 
0 
0 

z 

z 
z 

2 
0 
z 
0 
0 
6 

0 
0 
0 
0 
0 
16 

5 

Arisona • 

A  rkansas 

A 

California. 

A 

Colorado 

0 

CoDiiecticut 

28 

5 
0 
0 
0 
0 

0 
6 

2 

4 
0 

5 

z 
0 

0 

2 

80 

0 

117 

3 

z 
26 

78* 

4 

3 
0 

7 

2 

3 

0 

2 

11 

0 

Z2 

z 

0 

0 

4 

0 

20 

29 

0 

7 

2 

4 
0 

13 

Z2 
13 

35 

■I 

zz 

0 

zo 

7 
zo 

59 
z 
z 

z8 
0 

23 

3 
0 

0 

2 

4 
0 

i 

0 

z 
27 

4 

A 

Delaware 

District  of  Columbia 

0 

z 
2 
0 

7 
7 
0 

0 

3 

2 

0 

12 

9 
0 

A 

Florida 

3 
3 

A 

Georgia 

Idaho 

niinois 

10 

Indiazia 

12 

Indian  Territory. t 

0 

Iowa 

4 

X 

Kansas 

Kentucky 

X 

Louisiana 

3 

7 

8* 

4 

it 

6 

12 

18 

6 

0 

Maine 

3 

a 

Maryland 

Massachusetts 

II 

Michigan 

14 

3 

2 

Minnesota • 

Miasisslppi 

Missouri 

2 
0 

3 
0 

10 

Montana 

0 

Nebraska 

2 

Nevada 

0 

0 

0 

New  Hampshire , 

X 

New  J  ersey 

3 
0 

5 

0 
6 

7 
0 

28 

2 
0 

4 

7 
0 

New  Mexico , 

New  York 

26 

North  Carol izia 

« 

North  Dakota 

0 

Ohio 

13 

A 

Oregon 

Pennsylvania 

3 

28 

2 

2 

Rhode  Island 

South  Carol  ina 

South  Dakota 

2 
0 

2 
z 

0 

Tennessee 

I 

Texas .,...,.. 

5 
0 

Utah 

0 
0 

z 
0 
2 
0 

0 
0 

2 
0 

z 

3 
0 

Vermont 

3 

I 

Virginia 

Washinston , 

0 

West  Virginia 

0 

Wisconsin 

8 

Wyoming 

0 
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The  statistics  collected  by  the  observers  of  the  Weather  Bureau 
show,  in  addition  to  the  number  of  fires  and  estimated  damage,  the 
number  of  lives  lost,  the  number  of  persons  injured,  and  such  other 
facts  as  seem  of  particular  value  in  connection  with  lightning. 

LOBS   OF   LIFE   AND   DESTRUCTION    OF     PROPERTY  BY  LIGHTNING  IN   THE 

UNITED   STATES  IN    1894. 

In  January  no  lives  were  lost  so  far  as  known. 

In  February  2  lives  were  lost,  2  persons  injured,  and  50,000  feet  of 
lumber  destroyed. 

In  March  6  lives  were  lost,  3  persons  injured;  and  2  barns,  2 
churches,  and  6  dwelling  houses  struck  and  damaged. 

In  April  14  lives  were  lost,  16  persons  injured ;  1  barn  and  7  dwell- 
ing houses  damaged. 

In  May  56  persons  were  killed  by  lightning  and  34  severely  injured ; 
12  houses  were  set  on  fire  with  a  loss  of  not  less  than  $35,000 ;  36 
dwellings,  4  churches,  2  school  houses  struck,  and  more  or  less  dam- 
aged ;  58  horses  and  22  cows  not  in  stables  were  killed. 

In  June  96  persons  were  killed  and  102  severely  injured ;  69  barns 
were  damaged  not  less  than  $49,000;  49  houses,  30  cows,  and  15  sheep 
not  stabled  were  killed ;   80  dwellings,  22  churches,  1  railroad  depot, 

1  oil  tank,  1  grain  elevator,  6  mills  and  factories  were  damaged ;  the 
loss  in  the  eight  last  named  being  not  less  than  $257,000. 

In  July  60  lives  were  lost,  and  103  persons  injured ;  46  barns  were 
damaged  not  less  than  $60,000 ;  46  dwellings,  12  churches,  2  acad- 
emies, 3  mills  or  factories,  and  2  railroad  depots  were  struck;  24 
horses  and  13  cows,  5  mules,  and  6  sheep,  not  stabled,  were  killed. 

In  August  78  lives  were  lost  and  76  persons  injured ;  81  barns  were 
burned  with  a  loss  of  not  less  than  $129,800;  41  dwellings  were 
struck,  22  horses  and  16  cows,  not  stabled,  were  killed ;  6  churches,  2 
academies  (one  with  loss  of  $88,000),  2  mills,  and  1  oil  tank  (loss 
$20,000)  were  struck. 

In  September  99  persons  were  killed  and  14  severely  injured ;  56 
barns  were  struck  with  loss  of  not  less  than  $141,500;  42  dwellings, 

2  churches  were  struck,  14  horses,  not  stabled,  were  killed. 

In  October  6  persons  were  killed  and  2  severely  injured ;  2  barns 
valued  at  $3,000,  2  dwellings,  2  churches,  and  several  stacks  of  grain 
were  fired. 

In  November  1  dwelling  was  struck,  valued  at  $3,000. 

In  December  1  barn  in  Ohio,  2  dwellings  (one  in  San  Francisco,  Gal., 
where  damage  from  lightning  is  almost  unknown),  were  struck. 

During  the  year  336  persons  were  killed  and  351  severely  injured ; 
268  barns  barns  struck  with  a  damage  of  $407,600 ;  66  churches  were 
struck,  damage  unknown ;  261  dwellings  and  several  oil  tanks,  fac- 
tories and  elevators,  the  damage  amounting  to  not  less  than  $361,000. 
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For  purposes  of  comparison  the  folio  mng  table  has  been  prepared : 

Loss  of  life  in  the  United  States  by  lightning. 


Janaary... 
February  ., 
March  . . . . . 

April 

May 

Jane 

Jaly 

AUffUBt.... 

September 
October . . . 
NoTember  , 
December. , 


ToUl 
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2 

6 

8 

37 
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1891. 


13 
a3 
73 
5a 

34 
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1892. 


5 
27 
74 
67 
54 

•I 

I 

2 


251 


X893. 


5 

I7 
66 

\i 

8 


209 


rt94. 


2 

6 

14 


60 
78 

1 


336 


According  to  the  statistics  of  the  German  bureau,  previously  re- 
ferred to,  the  frequency  of  lightning  stroke  varies  somewhat  with  the 
character  of  the  land.  Thus,  in  their  investigations  it  was  found 
that  in  flat  lands  400  to  540  buildings  were  struck  out  of  1,000,000, 
the  rate  varying  in  different  localities. 

The  nature  of  the  material  used  for  roofing  has  also  been  consid- 
ered. Classifying  the  various  materials  under  the  general  heads 
"  hard "  and  "  soft,"  the  German  investigators  found  for  ten  years 
(1873-'83)  for  Schleswig-Holstein,  that  of  all  the  buildings  struck, 
9  per  cent  of  those  having  hard  roofs  and  68  per  cent  of  those  having 
soft  roofs  were  set  on  fire.  The  nature  of  the  building  and  the  pur- 
pose for  which  it  is  used  will,  as  we  readily  see  also  in  our  own  statis- 
tics, influence  the  liability  to  stroke  and  fire. 

The  following  facts  ^  regarding  the  distribution  of  thunderstorms 
are  of  interest,  though  it  is  to  be  noted  that  the  damage  done  may 
not  be  directly  proportional  to  the  number  of  storms : 

The  region  of  the  greatest  number  of  thunderstorms  is  in  the  southeastern  part  of  the 
United  States.  The  line  for  40  per  year  passes  through  southern  Georgia,  southern 
Alabama,  and  southeastern  Mississippi.  The  number  increases  northeastward  and  the 
area  in  which  less  than  10  thunderstorms  occur  each  year  is  confined  to  the  coast  of 
New  England.  *  *  *  From  May  to  June  the  maximum  is  in  the  northeastern  and 
central  States,  especially  in  a  region  extending  along  the  Mississippi  Valley  from  Keo- 
kuk to  Cairo.  *  *  *  For  July  the  maximum  extends  from  northern  Montana  to 
central  Texas,  thence  to  Georgia  and  thence  northeastward  to  southern  Maine;  also  in 
a  small  area  about  Lake  Huron.  The  maximum  for  August  occurs  in  the  vicinity  of 
Salt  Lake,  Utah,  and  along  the  Gulf  and  Atlantic  coasts.  It  appears,  therefore,  that  the 
maximum  of  thunderstorms  comes  earliest  to  the  west  and  southwest  of  the  Great 
Lakes,  and  gradually  extends  to  the  west,  south,  and  east.  A  matter  of  especial 
interest  is  the  occurrence  of  winter  thunderstorms.  The  area  of  maximum  frequency 
is  in  Louisiana  and  vicinity.  *  *  *  The  general  direction  of  approach  in  the  United 
States  is  from  the  west.  At  Key  West,  Fla.,  the  approach  is  from  the  east;  at  Gal- 
veston, Tex.,  from  the  northeast,  north,  or  southwest. 


^BainfAll  and  Snow  of  the  United  States,  p.  29,  by  Mark  W.  Harrington^  Chief  of  U.  8.  Weather 
Bureau. 
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One  interestiDg  point  which  appears  to  be  shown  by  statistical 
studies  of  lightning  stroke  is  the  decreased  liability  to  accident  in 
thickly  settled  communities. 

It  may  be  said,  in  general,  that  the  risk  in  the  country  is  five 
times  greater  than  in  the  city.  For  ordinary  dwelling  houses,  not 
unduly  exposed  in  city  blocks,  lightning  rods  are  hardly  necessary, 
a  very  considerable  protection  being  afforded  by  the  tin  roofing, 
numerous  cornices,  gutters,  etc.  The  geological,  as  well  as  the  topo- 
graphical conditions,  may  have  some  influence  upon  the  frequency 
of  lightning  stroke.  According  to  the  authority  already  quoted,  if  1 
represents  the  frequency  of  lightning  stroke  in  a  chalk  formation,  2 
will  represent  the  liability  for  marl,  7  for  clay,  9  for  sand,  and  22 
for  loam. 

With  regard  to  trees,  the  oak  is  most  frequently,  and  the  beech 
least  frequently,  struck.  The  values  are  something  like,  if  1  repre- 
sents the  frequency  for  the  beech  tree,  16  for  pines,  other  trees  gen- 
erally averaged  at  40,  and  64  for  oaks.  Trees  struck  are  most  gen- 
erally those  standing  in  the  clear  or  on  the  edge  of  forests,  and  in 
height  averaging  from  16  to  20  meters  (62  to  66  feet).  The  trunk 
appears  to  be  struck  about  three  times  as  often  as  the  boughs,  and 
generally  the  stroke  seems  to  travel  to  the  ground.  Only  in  three 
out  of  a  hundred  cases  did  it  jump  to  other  trees. 

Mr.  Symons,  ^  in  his  paper  on  thunderstorms,  instances  16  trees 
struck.  About  one-third  of  these  were  elms,  with  the  oak,  ash,  pop- 
lar, in  order  following,  and  one  case  each  of  crab-lime  and  willow. 

It  is  interesting  to  recall  at  this  point,  the  record  made  by  Hugh 
Maxwell  as  early  as  1787,  that  the  elm,  chestnut,  oak,  and  pine 
were  often  struck,  the  ash  rarely,  and  the  beech,  birch,  and  maple 
never.  This  last,  however,  is  not  true.  Indeed,  it  is  not  altogether 
plain  just  why  some  trees  escape  while  others  suffer.  Capt.  Maclear,' 
discussing  the  action  of  lightning  during  a  thunderstorm  on  June 
6  and  7,  1889,  found  a  great  number  of  trees  struck  within  a  radius 
of  4  miles,  and  set  to  work  to  discover  if  possible  the  cause  of  the 
selection  of  these  particular  trees.  "For  contrary  to  general  ex- 
pectations," he  says,  "  they  were  not  the  highest  nor  the  most  prom- 
inent in  their  immediate  vicinity."  A  cottage,  a  haystack,  2  poplars, 
a  spruce,  fir,  and  6  oaks,  in  different  places,  were  struck  within  this 
confined  area. 

The  storm  passed  in  a  northwest  direction  with  southeast  wind,  and 
it  is  apparent  that  the  objects  struck  lie  nearly  in  a  line  northwest 
and  southeast,  8  miles  in  length.  "  The  spruce  was  very  prominent 
on  the  southern  brow  of  the  hill,  with  two  arms  nearly  in  line 
with  the  stem ;  one  arm  was  thrown  to  the  ground  and  the  other 

^  Also,  Appendix  E.     '*  Report  of  Lightning  Rod  Conference." 
•"Quart.  Jowil  Met  See,"  1890,  p.  229. 
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blown  down.  At  the  juncture  of  the  amiB  there  was  a  great  deal  of 
turpentine  which  was  thoroughly  blackened."  Hence,  it  is  assumed 
that  the  prominence  of  the  tree  made  it  the  best  communication  to 
earth,  and  that  the  collection  of  turpentine  was  raised  to  explosive 
temperature  and  split  the  tree,  but  a  like  good  reason  does  not  appear 
for  the  other  objects  struck.  On  the  next  day  6  oaks,  a  chestnut, 
and  an  ash,  in  various  positions  within  one-half  mile  of  a  pond,  and 
on  the  slope  of  ground  near  the  pond,  a  young  fir,  and  three  young 
oaks;  one-half  mile  south  of  Cranleigh  4  oaks;  on  Cranleigh 
Common  an  oak,  and  1  mile  northwest  a  chimney,  a  stable,  and  an 
oak  (struck  also  on  the  day  before)  and  a  single  oak  occupying  a  fairly 
prominent  position  on  the  slope  of  high  hills,  2^  miles  northeast. 

This  last  tree  was  struck  just  before  the  rain  commenced  and  was 
split;  the  other  trees  struck  during  the  rain  were  only  scored. 
"  Hence,"  concludes  Maclear,  '*  it  is  not  easy  to  see  the  cause  of  selec- 
tion, for  these  trees  were  not  the  most  prominent,  nor  were  they  on  the 
highest  ground  in  the  vicinity,  the  only  feature  the  groups  possessed  in 
common  being  that  they  were  all  either  near  ditches  which  were  full  of  run^ 
ning  water ^  or  else  near  temporary  courses  taken  by  the  delude  of  water  from 
the  higher  to  the  lower  ground}  The  most  puzzling  case  is  that  of  the 
young  fir  tree  and  3  young  oaks  in  the  middle  of  the  copse  near  the 
pond.  They  were  not  higher  than  the  other  trees  on  the  copse,  but 
there  certainly  was  a  temporary  water  course  close  to  them ;  other 
trees,  however,  stood  equally  close  to  water.  *  *  *  Another  curious 
case  is  that  of  the  stable  struck,  which  was  overshadowed  by  tall 
elms,  where  it  might  have  been  supposed  that  these  would  have  taken 
the  stroke." 

Some  statistics  of  the  damage  done  by  lightning  stroke  in  Belgium' 
in  1889  may  be  appropriately  inserted  here.  Of  324  lightning  flashes, 
2  struck  lightning  rods;  123  struck  buildings,  setting  86  on  fire; 
16  struck  persons;  96,  trees;  81,  telegraph  and  telephone  lines; 
and  others,  miscellaneous.  In  other  statistics  we  find  that  of  18  deaths 
due  to  lightning;  1  occurred  within  a  dwelling,  11  out  of  doors,  and 
6  under  trees.  Contrasted  with  the  cases  of  death  resulting  from 
lightning  stroke,  let  us  look  at  43  cases  of  persons  struck,  with  results 
not  necessarily  fatal,  and  we  find  that  20  of  these  were  in  doors,  28 
out  of  doors,  including  4  under  trees.  No  records  sufficiently  extended 
and  authentic  are  available  to  ascertain  what  proportion  of  persons 
struck  by  lightning  are  killed  outright.  I  know  of  but  one  record, 
and  in  that  of  212  persons  struck  74  were  killed.  This  question,  which 
is  of  the  greatest  interest,  is  referred  to  again  under  the  last  of  the 
rules  given  further  on  for  the  protection  of  life. 

One  of  the  peculiar  and  most  common  characteristics  of  the  action 

^  Italics  mine. 

•ETiard  and  Lambotte.     (Xd  et  Terrtf  1891;  Na  7. 
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of  lightning  is  the  tearing  off  or  throwing  effect.  This,  as  we  shall 
see  further  on,  is  just  what  might  be  expected  from  discharges  of 
great  frequency  of  alternation.  Some  interesting  statistics  are  given 
by  Pamell  ^  on  the  mechanical  tearing  off  and  disruptive  effects  of 
lightning  as  distinguished  even  from  the  heat  effects.  He  records 
1,147  cases.  Of  these,  224  do  not  permit  a  determination  of  the 
character  of  the  work  done  by  the  stroke  of  the  remaining  923. 


Penons  and  animals 

Cloths,  oanets.  canTas,  woolen,  linen,  and  cotton  goods. 

Masonry  of  all  Kinds 

Glass,  ohina,  earthenware ., 

Metal 

Wood 

Trees 

Oronnd ^, 

Thatch,  straw,  etc 

Gunpowder 

Gas ....■•• •....•■•• .•.••••*•••••..•••.••■•••■•.••■••••.•*•• 


Total. 


Mechanical 
work. 


4x6 

8a 

ao6 

1 

6o 


x,»x 


Heat. 


79 

79 

a 

S 

4 


XX 

X5 
19 


48s 


Col.  Pamell  gives,  furthermore,  the  details  in  278  cases  to  show  the 
existence  of  an  upward  direction  in  the  force  of  the  stroke. 

This,  and  the  statement  that  "  probably  few  persons  are  aware  that 
lightning  strokes  are  more  apt  to  bend  or*  break  metal  than  to  fuse 
it,"  are,  in  the  light  of  the  investigations  of  the  past  three  years  into 
the  character  of  the  lightning  flash,  easily  comprehensible.  A  light- 
ning flash  being  a  break  in  the  air  (i.  e.,  the  dielectric)  when  the 
electrical  strain  exceeds  a  certain  value,  determined  by  several  vari- 
ables, the  strongest  mechanical  effect  may  be  found  in  any  direction, 
upward  or  downward.  Speaking  popularly,  flashes  may  go  from 
cloud  to  earth,  earth  to  cloud,  or  from  cloud  to  cloud  to  earth. 


n, — THB   THEORY   OP  LIGHTNING  CONDUCTORS. 

Beyond  doubt,  Franklin  proved  his  case  that  lightning  rods  were 
efficacious  in  the  protection  of  buildings.  An  illustration  of  the 
action  of  lightning  upon  a  rod  is  shown  in  Fig.  4.  Buildings  with 
conductors  when  struck  by  lightning  suffered  little  damage  compared 
with  those  without  protectors. 

The  chief  defects  likely  to  occur  are  blunted  points  and  breaks  in 
the  continuity  of  the  connection.  The  function  of  a  lightning  rod  is 
twofold ;  first,  that  of  conducting  the  charge  to  earth,  and  second, 
the  prevention  of  a  disruptive  discharge  by  silent  neutralization  of 
the  cloud  electrification.  The  latter  explains  why  a  rod  terminates 
in  a  point  and  likewise  why  points  in  good  connection  with  the  ground 
are  always  desirable  upon  buildings.  Indeed,  points  are  somewhat 
like  small  water  pipes  connected  with  a  large  reservoir.    If  you  have 

^  "  Quart  Jonrn.  Met  Soc.,"  Vol  n,  1886.     See  Also  GoL  Parnell'i  booL 
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enough  of  them  and  a  suffioient  time  yon  may  drain  the  largest  reser- 
voir. Furthermore,  when  some  sudden  rise  or  flood  occurs  in  the 
reservoir,  these  minute  drains  may  be  of  service  in  keeping  the  height 
of  the  water  down. 

In  the  case  of  lightning  the  points  are  the  small  escape  pipes,  the 
layer  of  air  between  cloud  and  earth  the  retaining  wall,  and  the 
cloud  electrification— or  charge — the  overflowing  and  destructive  ele- 
ment. A  large  conductor,  be  it  rod  or  tape,  on  the  other  hand  is 
more  like  a  large  main  or  water  way,  which  has  its  gate  shut  until 
the  flood  is  imminent.  Then  the  gate  is  suddenly  opened  and  we  try 
to  compel  the  torrent  to  keep  to  the  provided  path.  We  trust  in  its 
ability  to  safely  hold  the  flood.  (Generally  it  does.  In  perhaps  nine 
oases  out  of  ten,  the  lightning  conductor,  if  it  be  such  a  one  as  we 
will  describe  later,  does  carry  the  flash  to  earth ;  but  there  are  cases 
where  the  discharges  have  been  heavy  and  overflows  have  resulted. 
To  carry  the  lightning  flash  "  the  lightning  conductor  should  offer  a 
line  of  discharge  more  nearly  perfect  and  more  accessible  than  any 
other  offered  by  the  materials  or  contents  of  the  edifice  we  wish  to  pro- 
tect." To  prevent  the  discharge  '*  the  conductor  should  be  surrounded 
by  points."  These  quotations  are  from  the  Report  of  the  Lightning 
Rod  Conference. 

The  statement  that  lightning  always  follows  the  path  of  least  resis- 
tance, as  commonly  understood  and  stated,  needs  modification.  True 
it  is,  that  when  the  air  is  strained  by  being  subjected  to  the  electrifi- 
cations of  cloud  and  earth,  the  weakest  spot  gives  away  first,  and  this 
is  apt  to  be  in  line  with  some  small  elevated  knob  or  surface ;  but  it 
is  equally  true,  and  is  perhaps  the  more  general  case,  that  when  a 
really  vigorous  disruptive  discharge  does  occur,  it  is  somewhat,  as 
Dr.  Lodge  aptly  puts  it,  like  an  '^  avalanche."  As  a  matter  of  fact, 
we  find  from  the  study  of  actual  cases  where  buildings  have  been 
struck,  that  lightning  often  disregards  entirely  metallic  surfaces 
and  points.  What  we  should  first  know  is,  whether  the  condition 
is  to  be  one  of  "  steady  strain  "  ^  or  "  impulsive  rush  "  *  discharge. 
In  the  case  of  '^  steady  strain,"  the  metal  is  apt  to  influence  the  path 
of  discharge ;  in  the  case  of  an  '^  impulsive  rush "  discharge,  even 
points  seem  to  lose  their  efficiency  and  become  of  little  use. 

In  a  letter '  of  an  old  British  admiral  there  occurs  a  description  of 
his  being  called  upon  to  approve  some  specifications  for  a  lightning 
conductor  to  be  erected  on  a  certain  lighthouse.  He  was  himself  a 
believer  in  the  "surface"  theory  of  Harris;  but  thought  that,  to 
make  sure,  he  would  go  and  consult  his  friend  Faraday.  Faraday, 
who  saw  only  the  question  of  conductivity  in  the  problem,  said  very 
positively  that  the  solid  rod  was  better  than  the  tube  (which  gives 

^  Terma  used  by  Prof.  Lodge. 

'  See  report  of  Tjightning  Rod  Conferenoe. 
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greater  surface  with  less  copper),  and  that  solid  volume  was  everything^ 
superficial  area  nothing.  Moreover,  if  Harris  says  otherwise  "  then, 
he  knows  nothing  whatever  about  it."  The  admiral  straightway  ap- 
proved the  solid  rod  conductor  for  the  lighthouse.  Within  two  or 
three  days  he  met  Harris,  and  bringing  up  the  question  was  told  by 
Harris  ''  surface  area  is  most  important,  and  if  Faraday  says  other- 
wise, then  he  knows  nothing  whatever  about  it!" 

Up  to  a  certain  point  Faraday  was  right ;  a  copper  rod  an  inch 
thick  is  capable  of  carrying  almost  any  flash  of  lightning,  and  is  un- 
doubtedly a  great  protector,  but  if,  as  we  have  reason  to  believe,  the 
core  is  seldom  given  a  chance  to  carry  the  current,  why  have  it  ?  The 
views  of  Sir  W.  Snow  Harris,  based  as  they  were  upon  close  study  of 
many  thousand  cases  of  lightning  action,  are  finding  in  the  experi- 
ments of  to-day  the  confirmation  so  long  needed. 

While  not  going  into  details  regarding  this  question  of  the  shape 
of  the  rod,  let  us  emphasize  the  fact,  so  recently  brought  out,  that  if 
an  electric  current  flows  steadily  in  one  direction  in  a  cylindrical 
wire,  its  intensity  is  the  same  in  all  portions  of  the  wire,  as  shown 
by  Hertz,  but  that  with  a  current  of  an  oscillatory  character,  i.  e.,  a 
current  which  rapidly  reverses  its  direction,  this  condition  no  longer 
holds,  and  if  the  direction  is  altered  very  rapidly  the  interior  of  the 
wire,  in  our  case  the  lightning  rod,  may  be  almost  free  from  current. 

In  1882  appeared  the  report  of  the  Lightning  Rod  Conference ;  in 
many  respects  the  most  important  contribution  to  the  literature  of 
the  subject  yet  made.  While  so  many  foreign  governments,  and  in 
particular  France,  had  by  means  of  officially  constituted  boards 
taken  a  governmental  interest  in  the  protection  of  the  people  from 
the  dangers  of  lightning,  the  English-speaking  people  of  the  world 
aside  from  the  few  directions  officially  issued  foir  the  protection  of 
magazines  and  lighthouses,  remained  without  any  authoritative  utter- 
ance upon  the  subject ;  and  while  this  conference  itself  did  not  have 
strictly  official  sanction,  it  carries,  from  the  character  of  its  make- 
up, a  weight  certainly  as  great,  if  not  greater,  than  an  official  board. 
It  was  simply  a  joint  committee  of  representative  members  of  the 
Institute  of  British  Architects,  the  Physical  Society,  the  Society  of 
Telegraph  Engineers  and  Electricians,  the  Meteorological  Society, 
and  two  co-opted  members.  As  might  be  anticipated  from  such  aus- 
pices, the  report  is  an  excellent  one,  and  must  stand  for  years  as  the 
embodiment  of  the  most  widely  gathered  information  and  well-con- 
sidered decisions.  The  report  is  emphatically  one  based  upon  expe^ 
rience. 

The  famous  free-for-all  discussion  which  occurred  at  the  British 
Association  Meeting  in  1888,  so  far  as  our  judgment  goes,  simply 
proved  that  the  decisions  of  the  conference  could  not  at  present  be 
disregarded.    As  the  president  of  the  meeting.  Sir  William  Thomson 

2 PRO.  LIGHT. 


18 

said,  we  have  'Wery  strong  reason  to  feel  that  there  is  a  very  com- 
fortable degree  of  security,  if  not  of  absolute  safety,  given  to  us  by 
lightning  conductors  made  according  to  the  present  and  orthodox 
rules." 

There  are  one  or  two  further  features  to  which  attention  may  be 
called.  There  are  some  very  prevalent  misapprehensions  with  regard 
to  lightning.  For  example :  that  it  never  strikes  twice  in  the  same 
place;  that  the  most  exposed  place  is  always  struck;  that  a  few 
inches  of  glass  or  a  few  feet  of  air  will  serve  as  a  competent  insulator 
to  bar  the  progress  of  a  flash  that  has  forced  its  way  through  a  thou- 
sand feet  of  air,  etc.  These  are  alluded  to  in  the  following  general 
directions. 


m. — ^BULES   FOR   THE   ERECTION   AND   MAINTENANCE   OP  BODS. 

1.  Erection  of  rods.  Few  questions  have  been  so  thoroughly  dis- 
cussed from  practical  as  well  as  theoretical  standpoints  as  that  of  the 
certainty  of  the  protection  afforded  by  properly  constructed  lightning 
rods.  All  barns  and  exposed  buildings  should  have  lightning  rods. 
Ordinary  dwelling  houses  in  city  blocks  have  not  the  need  for  rods 
that  scattered  houses  in  the  country,  and  especially  if  on  hill  sides, 
have. 

2.  Use  a  good  iron  or  copper  conductor.  If  the  latter,  one  weigh- 
ing about  6  ounces  to  the  foot,  and  preferably  in  the  form  of  tape. 
If  iron  is  used  and  it  seems  to  be  in  every  way  as  efficient  as  copper, 
have  it  in  rod  or  tape  form  and  weighing  about  35  ounces  to  the  foot. 
''A  sheet  of  copper  constitutes  a  conductive  path  for  the  discharge 
from  a  lightning  stroke  much  less  impeded  by  self-induction  than 
the  same  quantity  of  copper  in  a  more  condensed  form,  whether  tab- 
ular or  solid."     (Sir  William  Thomson.) 

8.  The  nature  of  the  locality  (see  Chapter  I)  will  determine  to  a 
great  degree  the  need  of  a  rod.  Places  apart  but  a  few  miles  will 
differ  greatly  in  the  relative  frequency  of  flashes.  In  some  localities 
the  erection  of  a  rod  is  imperative ;  in  others,  hardly  necessary. 

4.  The  very  best  ground  you  can  get  is,  after  all,  for  some  flashes 
but  a  very  poor  one ;  therefore,  do  not  imagine  that  you  can  overdo 
the  matter  in  the  making  of  a  good  ground.  For  a  great  many  flashes 
an  ordinary  ground  suffices,  but  the  small  resistance  of  ^  ohm  for 
an  intense  oscillatory  flash  may  be  dangerous.  Bury  the  earth  plates 
in  damp  earth  or  running  water. 

6.  "  If  the  conductor  at  any  part  of  the  course  goes  near  water  or 
gas  mains,  it  is  best  to  connect  it  to  them.  Wherever  one  metal  ram- 
ification approaches  another  it  is  best  to  connect  them  metallically. 
The  neighborhood  of  small  bore  fusible  gas  pipes  and  indoor  gas  pipes 
in  general  should  be  avoided."    (Lodge.) 
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6.  The  top  of  the  rod  should  be  plated  or  in  some  way  protected 
from  corrosion  and  rust. 

7.  Independent  grounds  are  preferable  to  water  and  gas  mains. 

8.  Clusters  of  points  or  groups  of  two  or  three  along  the  ridge  rod 
are  recommended. 

9.  Chain  or  linked  conductors  are  of  little  use. 

10.  Area  of  protection.  Very  little  faith  is  to  be  placed  in  the  so- 
called  area  of  protection.  The  committee  that  first  gave  authority  to 
this  belief  considered  that  the  area  protected  by  any  one  rod  was  one 
with  a  radius  equal  to  twice  the  height  of  the  conductor  from  the 
ground.  Many  lightning  rod  manufacturers  consider  that  the  rod 
protects  an  area  of  radius  equal  to  the  height.  The  truth  is  that 
buildings  are  struck  sometimes  within  this  very  area,  and  we  now 
hold  there  is  no  such  thing  as  a  definite  protected  area. 

11.  Return  shock.  Some  uncertainty  exists  on  this  point.  The  so- 
called  "return  stroke"  is  caused  by  the  inductive  action  of  the 
charged  cloud  on  bodies  within  its  influence,  and  yet  some  distance 
away  from  the  place  of  the  direct  discharge.  As  explained  by  Lord 
Mahon,  who  first  called  attention  thereto,  the  sudden  return  of  the 
body  charged  inductively  to  a  neutral  condition,  following  the  equal- 
ization at  some  distant  place,  is  the  cause  of  the  return  shock.  We 
are  beginning,  however,  to  see  more  clearly  into  the  character  of  the 
stress  in  the  dielectric,  preceding  and  during  flashes,  and  it  is  only  a 
question  of  time  before  the  use  of  this  term,  "  return  shock,"  will  be 
abandoned.  Of  far  greater  import  are  the  terms  "  recoil  kick  "  and 
"  alternative  path,"  as  shown  experimentally  by  Lodge  to  exist. 

12.  Upward  motion  of  stroke.  There  is  no  reason  to  doubt  that  the 
discharge  takes  place  sometimes  from  earth  to  cloud.  That  is  to  say, 
that  while  we  now  consider  a  lightning  flash  as  something  like  the 
discharge  of  a  condenser  through  its  own  dielectric,  made  up  of  exces- 
sively frequent  alternations,  say  something  like  300,000  times  per 
second,  the  spark,  or  core  of  incandescent  air,  may  seem  to  have 
had  its  beginning  at  the  earth's  surface.  That  is  to  say,  the  air  gap 
breaks  down  first  at  a  point  near  the  earth. 

18.  Indifference  of  lightning  to  the  path  of  least  resistance.  Nearly 
all  treatises  upon  lightning  up  to  within  very  recent  times,  assumed 
that  lightning  always  followed  the  path  of  least  resistance.  "  It  is 
simply  hopeless  to  pretend  to  be  able,"  says  Lodge,  "  to  make  the 
lightning  conductor  so  much  the  easier  path  that  all  others  are  out 
of  the  question."  The  path  will  depend  largely  upon  the  character 
of  the  flash. 

14.  Any  part  of  a  building,  if  the  flash  be  of  a  certain  character, 
may  be  struck,  whether  there  is  a  rod  on  the  building  or  not.  Fortu- 
nately, these  are  exceptional  instances.  The  great  majority  of  flashes 
in  our  latitudes  are  not  so  intense  but  that  a  good  lightning  rod,  well 
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earthed,  makes  the  most  natural  path  for  the  flash.  We  have  many 
instances,  however  (not  to  be  confounded  with  cases  of  defective 
rods),  where  edifices,  seemingly  well  protected,  have  been  struck 
below  the  rods. 

15.  Parodox  of  parodoxes,  a  building  may  be  seriously  damaged  by 
lightning  without  having  been  struck  at  all.  Take  the  famous  Hotel 
de  Ville  of  Brussels.  This  building  was  so  well  protected  that  scien- 
tific men  pronounced  it  the  best  protected  building  in  the  world  against 
lightning.  Yet  it  was  damaged  by  fire  caused  by  a  small  induced 
spark  near  escaping  gas.  During  the  thunderstorm,  some  one  flash 
started  "  surgings "  in  a  piece  of  metal  not  connected  in  any  way 
with  the  protective  train  of  metal.  The  building  probably  did  not 
receive  even  a  side  flash.  This  is,  therefore,  a  new  source  of  danger 
from  within,  and  but  emphasizes  the  necessity  of  connecting  metal 
with  the  rod  system. 

16.  Lightning  does  sometimes  strike  twice  in  the  same  place. 
Whoever  studies  the  effects  of  lightning's  action,  especially  severe 
cases,  is  almost  tempted  to  remark  that  there  is  often  but  little 
left  for  the  lightning  to  strike  again.  No  good  reason  is  known  why 
a  place  that  has  once  been  struck  may  not  be  struck  again.  There 
are  many  cases  on  record  supporting  the  assertion. 

17.  As  lightning  often  falls  indiscriminately  upon  tree,  rock,  or 
building,  it  will  make  but  little  difference  sometimes  whether  trees 
are  higher  than  adjoining  buildings. 

18.  It  is  not  judicious  to  stand  under  trees  during  thunderstorms, 
in  the  doorway  of  barns,  close  to  cattle,  or  near  chimneys  and  fire 
places.  On  the  other  hand,  there  is  not  much  sense  in  going  to  bed 
or  trying  to  insulate  one's  self  in  feather  beds.  Small  articles  of 
steel,  also,  do  not  have  the  power  to  attract  lightning,  as  it  is  popu- 
larly put,  or  determine  the  path  of  discharge. 

19.  Unnecessary  alarm.  Just  in  advance  of  thunderstorms,  whether 
because  of  the  varying  electrical  potential  of  the  air,  or  of  the  changing 
conditions  of  temperature,  humidity,  and  pressure,  and  failure  of  the 
nervous  organization  to  respond  quickly,  or  to  whatever  cause  it  may 
be  due,  it  cannot  be  denied  that  there  is  much  suffering  from  depres- 
sion, etc.,  at  these  times.  It  is,  perhaps,  possible  that  these  suffer- 
ings may  be  alleviated.  Apart  from  this,  many  people  suffer  greatly 
from  alarm  during  the  prevalence  of  thunderstorms,  somewhat  un- 
necessarily, we  think.  Grant  even  that  the  lightning  is  going  to 
strike  close  in  your  vicinity.  There  are  many  flashes  that  are  of  less 
intensity  than  we  imagine,  discharges  that  the  human  body  could 
withstand  without  permanent  serious  effects.  Voltaire's  caustic 
witticism  '^  that  there  are  some  great  lords  which  it  does  not  do  to 
approach  too  closely,  and  lightning  is  one  of  these,"  needs  a  little 
revision  in  these  days  of  high  potential  oscillatory  currents.    Indeed^ 
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the  other  saying,  ^'  Heaven  has  more  thunders  to  alarm  than  thun- 
derbolts to  punish,"  has  just  so  much  more  point  to  it  as  it  is  nearer 
the  truth.  One  who  lives  to  see  the  lightning  flash  need  not  concern 
himself  much  about  the  possibility  of  personal  injury  from  that  flash. 
20.  Finally,  if  you  should  be  in  the  vicinity  of  a  person  who  has 
just  been  struck  by  lightning,  no  matter  if  the  person  struck  appears 
to  be  dead,  go  to  work  at  once  and  try  to  restore  consciousness.  There 
are  many  cases  on  record  proving  the  wisdom  of  this  course ;  and 
there  is  reason  for  believing  that  lightning  often  brings  about  sus- 
pended animation  rather  than  somatic  death.  Try  to  stimulate  the 
respiration  and  circulation.  Do  not  cease  in  the  effort  to  restore  ani- 
mation in  less  than  one  hour's  time.  For  an  excellent  illustration 
of  a  case  of  severe  lightning  shock  and  recovery,  due,  it  would  seem, 
to  prompt  action  by  the  medical  gentlemen  present,  all  who  are  inter- 
ested may  consult  the  "Medical  News,"  August  11,  1888.  A  num- 
ber of  cases  corroborative  of  this  view  are  on  record  in  various  medi- 
cal journals. 

IV. — DIRECTIONS  FOR  PROCEDURE  IN  CASE  OF  APPARENT  DEATH  FROM 

LIGHTNING. 

These  directions  are  based  upon  Dr.  Augustin  H.  Goelet's  "How  to 
Deal  with  Apparent  Death  from  Electric  Shock,"  reprinted  by  per- 
mission of  "  The  Electrical  World ; "  revised  and  modified  for  death 
from  lightning,  by  Dr.  W.  F.  R.  Phillips,  of  the  Weather  Bureau. 
Dr.  Goelet  says : 

An  electric  shock  may  produce  death  in  one  of  two  ways,  viz:  (1)  By  producing 
destractive  tissue  changes,  when  death  is  absolute,  or  (2)  by  producing  sudden  arrest  of 
the  respiratory  and  heart  muscles  through  excitement  of  the  nerve  centers,  when  death 
is  only  apparent;  in  other  words,  animation  is  merely  suspended.  The  subject  may  be 
aroused  from  this  syncope  if  efforts  at  resuscitation  are  not  too  long  delayed. 

The  alternating  current,  which  is  usually  regarded  as  the  most  deadly,  strange  to  say, 
nearly  always  produces  death  in  this  second  manner. 

To  say  that  a  person  has  received  a  shock  from  a  wire  conveying  a  current  of  four  or 
five  thousand  volts  does  not  necessarily  signify  that  the  body  has  been  subjected  to  the 
full  force  of  the  current,  even  if  the  meter  does  register  nearly  one  ampere  during  the 
time  of  the  accident.     In  view  of  the  fact  that  the  human  body  offers  a  resistance  o*' 
several  thousand  ohms,  which  resistance  is  greatly  increased  by  imperfect  contact  and 
by  charring  and  burning  the  tissues  at  the  points  of  application,  it  is  not  often  that  the 
internal  structures  or  vital  organs  are  submitted  to  a  very  considerable  volume  oC  cur- 
rent, though  it  apparently  passes  through  the  body.     It  must  be  borne  in  mind  that 
when  the  clothing  is  moist  with  perspiration  or  wet  with  rain  it  offers  a  circuit  of  less 
resistance  than  the  human  body,  and  in  this  event  the  body  receives  only  a  shunt  cur- 
rent very   much  less  in  quantity  than  the  main  current.     The  bulk  of  current  in 
this  instance  passes  over  the  surface  and  does  not  enter  the  body.    This  may  explain 
the  survival  of  some  who  have  apparently  withstood  very  powerful  currents. 

It  must  be  presumed,  ihertfare,  thai  eUctricity  seldom  kilU  outright,  though  the  eon- 
diitan  of  suspended  animation,  which  it  induces,  would  result  in  death  if  not  couniet^ 
acted. 
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All  things  considered,  it  is  rational  to  attempt  the  resuscitation  of  those  apparently 
killed  by  electricity,  and,  if  not  too  long  delayed,  the  effort  promises  fair  chances  of 
success,  provided  proper  means  are  instituted. 

If  the  body  has  actually  been  submitted  to  a  current  of  sufficient  volume  to  produce 
destructive  tissue  changes,  all  efforts  at  resuscitation  will  of  course  be  futile. 

If,  on  the  other  hand,  only  respiration  and  the  heart's  action  have  been  temporarily 
arrested,  there  is  a  condition  of  syncope  simulating  apparent  death  by  drowning  or  from 
anaesthetics,  and  the  physician  knows  that  patients  in  this  condition  are  frequently  re- 
vived. Laymen  will  appreciate  the  nature  of  this  condition  if  it  is  explained  as  one  of 
exaggerated  funt,  and  would  not  feel  appalled  upon  encountering  it  if  previously  in- 
structed how  to  cope  with  it.  In  an  ordinary  fainting  spell  the  necessity  to  stimulate  is 
universally  appreciated.  In  syncope  resulting  from  an  electric  shbck  stimulation  is 
likewise  indicated,  but  more  vigorous  measures  are  required.  This  is  the  only  dif- 
ference. 

■ 

As  said  above,  the  direction  to  treat  one  shocked  by  electricity  as  one  drowned  maybe 
misleading,  as  the  conception  of  the  layman  of  the  necessities  in  this  case  would  be  to 
roll  the  body  on  a  barrel.  Let  him  understand  that  the  condition  is  one  of  exaggerated 
faint;  prompt  stimulants  are  necessary.  The  man  must  be  made  to  breathe,  if  this  is 
possible,  and  the  efforts  to  induce  respiration  must  not  be  suspended  until  breathing  is 
fully  and  normally  restored,  or  until  it  is  absolutely  certain  that  life  is  extinct.  This 
can  not  be  assured  in  less  than  an  hour's  persistent,  energetic,  tireless  effort. 

DIRECTIONS   FOR  ARTIFICIAL  RESPIRATION. 

The  body  must  be  placed  upon  the  back.  A  roll  made  of  a  coat  or  anything  else  con- 
venient {rolled  not  folded)  is  placed  under  the  shoulders,  and  must  be  sufficiently  large 
to  so  prop  the  spine  up  as  to  drop  the  head  backward.  The  operator*  should  kneel  be- 
hind the  subject's  head,  grasp  the  elbows  and  draw  them  well  over  the  head,  so  as  to 
bring  them  almost  together  above  it  and  hold  them  there  for  two  or  three  seconds. 
Then  he  carries  them  down  to  the  sides  and  front  of  the  chest,  firmly  compressing  it  by 
throwing  his  weight  upon  them.  After  two  or  three  seconds  the  arms  are  again  carried 
above  the  head  and  the  same  maneuver  is  repeated  at  the  rate  of  fifteen  or  sixteen  times 
per  minute.  At  the  same  time  the  tongue  must  be  drawn  out  to  free  the  throat.  This 
manipulation  stimulates  respiration  in  the  following  manner,  viz:  When  the  arms  are 
extended  over  the  head,  the  chest  walls  are  expanded,  just  as  in  inspiration,  and  if  the 
throat  is  clear  the  air  will  rush  into  the  lungs.  When  the  arms  are  brought  down  to  the 
sides  of  the  chest,  compressing  it,  the  air  is  expelled,  just  as  in  expiration.  *  *  « 
The  operator  must,  however,  appreciate  the  fact  that  this  manipulation  must  be  exe- 
cuted with  methodic€d  deliberation  just  as  described  and  never  hurriedly  nor  half- 
heartedly. To  grasp  the  arms  and  move  them  rapidly  up  and  down  like  a  pump  handle 
is  both  absurd  and  absolutely  useless.     • 

In  addition  to  this,  if  an  assistant  be  at  hand,  the  tongue,  held  by  a  cloth  or  hand- 
kerchief to  prevent  slipping,  should  be  seized  and  drawn  forcibly  out  during  the  act  of 
inspiration  or  when  the  arms  are  extended  above  the  head,  and  when  the  chest  is  com- 
pressed it  may  be  allowed  to  recede.  The  rythmical  traction  upon  the  tongue  is  in  itself 
an  excellent  stimulant  of  respiration.  It  acts  not  only  by  freeing  the  throat  of  the  tongue, 
which  may  fall  back  and  obstruct  breathing,  but  also  by  reflex  irritation,  through  the 
fnenum  or  bridle  under  the  tongue  being  drawn  forcibly  against  the  lower  teeth. 

The  procedure  described  and  recommended  by  Dr.  Goelet  is  that 
known  as  Sylvester's  method.  An  equally  efficacious  method  is  that 
known  as  Howard's,  which  also  keeps  the  passage  through  the 
windpipe  free  without  the  aid  of  an  assistant,  and  is  recommended 
for  that  reason.    It  is  as  follows : 

Place  the  subject  on  his  back,  head  down  and  bent  backward,  arms  folded  over  the 
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head  (under  no  conditions  raise  the  head  from  the  ground  or  floor).  Place  a  hard  roll 
of  clothing  beneath  the  chest  with  the  shoulders  declining  slightly  over  it.  Open  the 
mouth,  pull  the  tongue  forward,  and  with  a  cloth  wipe  out  saliva  or  mucus.  Thoroughly 
loosen  the  clothing  from  the  neck  to  the  waist  (but  do  not  leave  the  subject's  body  ex- 
posed, for  it  is  essential  to  keep  the  body  warm).  Kneel  astride  the  subject's  hips,  with 
your  hands  well  opened  upon  his  chest,  thumbs  pointing  toward  each  other  and  resting 
on  the  lower  end  of  the  breastbone;  little  fingers  upon  the  margin  of  the  ribs  and  the 
other  fingers  dipping  into  the  spaces  between  the  ribs.  Place  your  elbows  firmly  against 
your  hips,  and  using  your  knees  as  a  pivot  press  upward  and  inward  toward  the  heart 
and  lungs,  throwing  your  weight  slowly  forward  for  two  or  three  seconds,  until  your  face 
almost  touches  that  of  your  patient,  ending  with  a  sharp  push  which  helps  to  jerk  you 
back  to  your  first  position.  At  the  same  time  relax  the  pressure  of  your  hands  so  that 
the  ribs  springing  back  to  their  original  position  will  cause  the  air  to  rush  into  the  sub- 
ject's lungs.  Pause  for  two  or  three  seconds  and  then  repeat  these  motions  at  the  rate 
of  about  ten  a  minute  until  your  patient  breathes  naturally,  or  until  satisfied  that  life  is 
extinct  If  there  is  no  response  to  your  efforts  persistently  and  tirelessly  maintained  for 
a  full  hour,  you  may  assume  that  life  is  gone. 

No  matter  which  method  for  respiration  is  used,  it  is  important  to 
maintain  the  warmth  of  the  body  by  the  application  of  hot  flannels, 
bottles  of  hot  water,  hot  bricks,  warm  clothing  taken  from  bystand- 
ers, etc. 

Firmly  and  energetically  rub  the  limbs  upward  so  as  to  force  the 
blood  to  the  heart  and  brain.  If  an  assistant  is  present  let  him  attend 
to  this.  Remember  above  all  things  that  nothing  must  interrupt  your 
efforts  to  restore  breathing. 

When  swallowing  is  established,  a  teaspoonful  of  warm  water,  wine, 
diluted  whisky  or  brandy,  or  warm  coffee  should  be  given.  Sleep 
should  be  encouraged.    In  brief : 

1.  Make  the  subject  breathe  by  artificially  imitating  the  respiratory 
movements  of  the  chest. 

2.  Keep  the  body  warm. 
8.  Send  for  a  physician. 

Of  the  visible  effects  of  lightning  stroke  upon  the  human  body  little 
more  can  be  said  than  that  sometimes  burns,  usually  superficial,  have 
been  noticed,  frequently  red  lines  or  markings,  which  are  localized 
congestions  of  the  small  blood  vessels  of  the  skin.  These  from  their 
irregularities  and  branchings  have  led  to  the  fanciful  idea  of  photo- 
graphs of  trees,  etc. 

v. — ^BFFICIBNCY  OP  CONDUCTORS. 

A  practical  application  of  the  efficiency  of  lightning  conductors 
will  now  be  considered.  On  June  5, 1885,  the  Washington  Monument, 
at  Washington,  D.  C,  at  that  time  the  highest  edifice  in  the  world, 
was  struck  by  lightning.  The  barograph  curve  (Fig.  6)  shows  the 
fluctuation  in  pressure  about  the  time  of  the  occurrence  of  the  stroke, 
8.16  p.  m.  The  storm  itself  was,  as  usual,  a  secondary  depression  in 
the  southeastern  or  southern  quadrant  of  a  "  low  "  area,  and  at  Wash- 
ington resulted  in  a  high  forenoon  temperature,  with  a  maximum  of 
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90*^  F.  about  noon,  with  fresh  southerly  winds,  veering  to  southwest 
at  noon;  to  northwest  at  1.23  p.  m. ;  to  northeast  at  1.40  p.  m.,  and 
backing  to  northwest  at  1.42  p.  m.;  to  east  at  2.20  p.  m.;  to  north- 
west at  2.37  p.  m.,  and  veering  to  northeast  at  2.40  p.  m.,  whence 
it  shifted  to  southwest  at  3.02  p.  m. ;  to  northwest  at  3.10  p.  m.,  and  at 
7  p.  m.  was  blowing  steadily  from  the  north.  The  first  thunder  was 
heard  at  1.07  p.  m.,  and  rain  began  at  1.23,  ceasing  at  2  p.  m., 
commencing  again  at  2.20  p.  m.,  and  ending  at  3.05  p.  m.  Thunder 
continued  at  frequent  intervals  to  3.50  p.  m.  The  rain  was  at  times 
heavy,  and  hail  fell  in  the  northern  part  of  the  city.  Amount  of  rain- 
fall at  Signal  Office,  0.61  inch. 

Colonel  Casey,  U.  8.  Army,  the  engineer  in  charge  of  the  construction 
of  the  monument,  requested  Profs.  Rowland,  Newcomb,  and  Menden- 
hall  to  examine  the  part  struck  and  suggest  what  precautions  should 
be  taken  to  ensure  the  safety  of  the  monument.  It  is  proper  to  re- 
mark that  the  monument  had  been  for  all  practical  purposes  finished 
and  had  already  experienced  storms  of  seemingly  greater  violence. 

From  the  letter  ^  of  the  commissioners  charged  with  the  completion 
of  the  monument,  we  find  that  '*  a  considerable  amount  of  unexpected 
work  "  was  performed  in  the  erection  of  rods  and  points  to  protect 
the  obelisk  from  lightning.  *'  The  lightning  protectors  as  established 
for  the  monument  were  commenced  in  January,  1880,  and  were  fin- 
ished in  January,  1885,"  practically  the  date  of  completion  of  the 
monument.  The  elevation  of  the  solid  aluminium  pyramid  (which 
weighs  100  ounces  and  is  8.9  inches  high  and  5.6  inches  square  at  base, 
with  angle  at  the  vertex  of  34*^48')  is  555  feet  (169.16  meters). 

The  conductors  consist  of  the  four  hollow  wrought-iron  Phoenix 
columns,  supporting  the  elevator  machinery.  The  bottoms  of  these 
four  columns  rest  upon  and  are  bolted  to  cast-iron  shoes,  standing 
upon  the  floor  of  the  large  drum  pit,  *  *  *  and  the  shoes  are 
connected  to  |-inch  soft  copper  rods,  led  to  the  bottom  of  a  well  in 
the  center  of  the  foundation.  This  well  is  32  feet  10  inches  in  depth 
below  the  bottom  of  the  drum  pit  and  15  feet  8  inches  below  the  bot- 
tom of  the  masonry  foundation,  and  the  water  stands  in  it  perma- 
nently 2  feet  8  inches  above  its  bottom.  After  the  copper  rods  were 
inserted  the  well  was  filled  up  with  clean  sharp  sand  for  a  depth  of 
15  feet  8  inches,  or  up  to  the  level  of  the  bottom  of  the  old  rubble- 
stone  foundation  of  the  monument.  These  four  columns  so  arranged 
at  their  bases,  and  always  projecting  above  the  top  of  the  shaft,  were  con- 
tintially  lengthened  as  the  building  of  the  shaft  progressed,  and  for  the 
five  summers  during  which  the  masonry  was  in  progress  acted  as  the  light- 
ning conductors  of  the  edifice.*  No  disruptive  discharge  of  electricity 
was  experienced  during  those  years."    When  the  marble  pyramidion 

^  Senate  Ex.  Doc.  No.  6,  49th  CoDgress,  Ist  session. 
'  Italics  mine. 
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was  completed,  December,  1884,  these  four  columns  were  within  this 
marble  covering,  and  from  the  extremity  of  each  column  a  copper 
rod  I  inch  in  diameter  was  run  to  the  top  stone  and  there  united  in 
a  copper  rod  1^  inches  in  thickness,  which  passed  vertically  through 
the  cap  stone  and  was  screwed  into  the  solid  aluminium  pyramid. 

The  conductors  '^when  tested,  gave  an  electrical  resistance  of  0.1 
ohm  from  the  tip  of  the  terminal  to  the  copper  rods  at  the  base,  and 
2.2  ohms  for  the  ground  connections,  making  a  total  resistance  of  2.3 
ohms  for  the  conductor.  The  system  was  entirely  completed  and 
connected  on  January  20,  1885." 

On  April  5,  1885,  during  the  passage  of  a  heavy  thundercloud  over 
the  monument,  at  least  five  immense  sparks  or  bolts  of  electrical 
light  were  seen  within  a  period  of  twenty  minutes  to  flash  between 
the  terminals  and  the  cloud  without  audible  sound  to  the  observers. 
A  careful  examination  of  the  conductors  and  shaft  after  this  phe- 
nomenon failed  to  reveal  any  effects  from  these  discharges. 

On  June  5,  however,  during  the  thunderstorm  described  above,  a 
disruptive  discharge  was  seen  to  pass  between  the  summit  of  the 
pyramidion  and  the  cloud.  Upon  examining  the  structure  a  crack 
was  discovered  in  the  stone  on  the  north  face  of  the  pyramidion  just 
under  the  top  stone,  extending  through  the  block  in  a  line  nearly 
parallel  to  the  northeast  corner  and  about  8^  inches  from  it.  (Fig. 
5.)  The  fragment  was  pressed  outward  about  |  inch  at  its  bottom, 
chipping  a  small  piece  off  the  lower  corner  of  the  top  stone  into 
which  it  was  locked,  and  was  easily  forced  back  to  place  and  bolted 
to  the  solid  stone  from  which  it  had  been  torn. 

The  recommendations  of  the  gentlemen  above  named,  who  were 
asked  to  make  a  careful  examination,  were,  in  short,  that  the  interior 
conductors  should  be  connected  '*  with  a  system  of  rods  and  a  greater 
number  of  points,  to  be  located  upon  the  exterior  of  the  pyramidion." 
Four  ^inch  copper  rods  were  fastened  by  a  band  to  the  aluminium 
terminal  and  led  down  the  corners  to  the  base  of  the  pyramidion,  and 
then  through  the  masonry  to  the  columns. 

^' As  these  exterior  rods  are  each  over  60  feet  long,  they  are  also 
connected  at  two  intermediate  points  of  their  lengths  with  the  iron 
columns  by  means  of  copper  rods  |  and  |  inch  in  diameter,  respect- 
ively, furnishing  16  rods  in  all,  connecting  the  exterior  system  of 
conductors  with  the  interior  conducting  columns.  Where  the  exte- 
rior rods  upon  the  corners  cross  the  11  highest  horizontal  joints  of 
the  masonry  of  the  pyramidion  they  are  connected  to  each  other  all 
around  by  the  other  copper  rods  sunk  into  those  joints.  All  of  these 
exterior  rods,  couplings,  and  fittings  are  gold  plated,  and  are  studded 
at  every  6  feet  of  their  lengths  with  copper  points  8  inches  in  length, 
gold  plated  and  tipped  with  platinum.  There  are  200  of  these  points 
in  all." 
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Eight  years  have  now  passed  since  the  alterations  were  made  and 
the  monument  stands  uninjured.  Unquestionably,  standing  as  it 
does,  555  feet  high^  in  the  center  of  flat,  well-watered  ground,  it  con- 
stitutes a  most  dangerous  exposure  for  lightning  flashes.  No  better 
illustration  of  the  value  of  lightning  conductors  can  be  asked. 

VI. — PROTECTION   OP   BARNS    BEFORE   AND   AFTER   HARVEST. 

The  question  is  sometimes  asked  '*  Are  thunderstorms  more  destruc- 
tive to  barns  after  harvest  than  before  ?"  The  following  reasons  have 
been  advanced  as  favoring  an  afiirmative  answer. 

1.  Before  harvest  the  stalks  of  the  growing  grains  and  grasses,  with 
their  many  points  and  heads,  act  as  conductors  of  electricity,  and 
serve  as  discharging  points,  to  some  degree  neutralizing  the  electric 
stress  in  the  air.  After  harvest  the  fields  are  more  or.  less  bare  and 
the  electric  tension  must  be  relieved  through  buildings  and  prominent 
features  in  the  landscape. 

2.  The  barn  filled  with  crops  is  warmer  than  one  that  is  empty, 
and  is  also  more  inflammable ;  if  struck  by  lightning,  it  is  more  likely 
to  be  destroyed  by  fire.  Packed  hay,  for  example,  naturally  makes 
a  barn  or  stable  warmer  than  its  surroundings,  and  with  the  warmth 
there  is  more  or  less  moisture.  Uprising  warm  currents  of  air 
probably  form  which,  while  not  strong  ordinarily,  may  be  accentu- 
ated during  thunderstorms,  and  play  a  significant  part  in  determin- 
ing the  line  of  discharge.  And,  finally,  barns,  as  a  rule,  are  located 
on  hills  or  hillsides,  in  positions  to  experience  the  maximum  effects 
of  currents  due  to  heating  or  topography. 

Before  using  the  statistics  given  below  it  should  be  said  that  the 
farmer  and  the  whole  community  notice  the  destruction  of  a  barn 
filled  with  the  produce  of  a  year,  more  than  they  would  notice  the 
loss  of  an  empty  barn.  Hence,  some  cases  of  empty  barns  have  prob- 
ably been  passed  over  as  hardly  deserving  notice,  while  all  the  cases 
of  stocked  barns  have  probably  been  reported. 

The  Weather  Bureau  statistics  for  1894  show  that,  previous  to 
August  1,  130  barns  were  struck,  with  a  loss  of  $134,000.  After 
August  1,  188  barns  were  struck,  with  a  loss  of  $273,500. 

Comparing  these  with  persons  killed,  churches  and  dwellings 
struck,  we  have — 

Before  August  1,  223  persons  killed,  173  dwelling,  40  churches. 

After  August  1,  118  persons  killed,  87  dwellings,  15  churches. 

It  therefore  appears  that  a  barn  is  more  liable  to  be  struck  when 
filled  with  crops  than  when  empty. 


Fig.  1.  Condactots  and  fastflningn.     Fmni  Anderson,  and  Lightning  Rod  Conference 
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Fig.  2.  Cbiumey,  struck  Julj  29,  1890.    From  Etec.  ZeiU.,  Qrebel. 


Fig.  ft.  Wushiiigtou  Monument,  struck  Juoe  5,  1865. 
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THE  DETERMINATION  OF  THE  RELATIVE  QUANTITIES  OF 

AQUEOUS  VAPOR  IN  THE  ATMOSPHERE  BY  MEANS 

OF  THE  ABSORPTION  LINES  OF  THE  SPECTRUM. 


By  L.  E.  Jewell. 


The  iovestigatioQ  upon  which  the  present  report  is  based  was  begun 
by  me,  in  accordance  with  the  recommendation  of  Prof.  Henry  A. 
Rowland,  January  16, 1892. 

In  my  preliminary  report  of  June,  1892, 1  expressed  the  belief  that 
much  more  satisfactory  results  would  be  obtained  if  the  investigation 
of  the  "  rain  band,"  which  had  then  been  carried  on  for  about  six 
months,  were  continued  so  as  to  include  results  for  a  whole  year. 

This  has  been  done,  and  I  now  have  observations  from  January  16, 
1892,  to  July  81,  1898,  inclusive.  Those  for  the  latter  part  of  July 
and  during  the  months  of  August  and  September,  1892,  were  made 
by  Dr.  C.  P.  Cronk  and  G.  N,  Wilson  of  the  Baltimore  station,  U.  S. 
Weather  Bureau,  to  whom  I  am  much  indebted. 

This  report  includes  the  results  obtained  for  the  period  from  Jan- 
uary 16,  1892,  to  January  31,  1893;  the  observations  from  the  latter 
date  to  July  31,  1893,  not  being  as  yet  reduced. 

Observations  were  made  both  by  eye  and  by  photographic  means, 
but  the  latter  method  was  soon  discontinued  as  unsuitable  for  the 
purpose  and  dependence  placed  upon  eye  observations  alone. 

A  photographic  map  of  that  portion  of  the  solar  spectrum  from 
wave  lengths  5880  to  5950  was  used  for  selecting  a  suitable  series  of 
solar  and  water-vapor  lines  for  purposes  of  comparison  (see  Fig.  1). 
The  study  was  confined  to  this  region  because  there  were  no  entirely 
suitable  photographs  at  hand  of  the  rest  of  the  rain  band,  though 
there  are  a  number  of  lines  in  the  rest  of  the  band  that  would  be  of 
value  in  intensity  comparisons,  as  also  would  be  the  series  of  water- 
vapor  lines  in  the  neighborhood  of  the  hydrogen  line  "  C." 

The  method  of  observation  used  was  to  estimate  the  intensity  of  a 
water-vapor  line  in  terms  of  the  solar  line  most  nearly  equal  to  it  in 
intensity,  and  in  close  enough  proximity  to  render  the  comparison 
easy  and  sufficiently  ex^ct.  One  observation  generally  included  sev- 
eral comparisons. 

A  more  exact  method  would  have  been  to  make  the  observation 

when  such  a  pair  of  lines  (one  solar  and  one  water  vapor)  were  of 

equal  intensity,  as  the  eye  is  very  reliable  for  such  comparisons,  but 
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much  less  so  in  estimating  differences  of  intensity.  This,  however, 
was  impracticable  under  the  circumstances,  both  because  of  the 
greater  length  of  time  it  would  require  for  observations,  and  because 
it  would  make  necessary  a  more  extensive  series  of  comparison  lines 
than  had  been  selected  in  the  region  of  the  spectrum  to  which  I  had 
limited  the  work. 

Having  selected  a  series  of  comparison  lines,  it  became  necessary 
to  determine  the  relative  intensities  of  both  the  solar  and  the  water- 
vapor  lines  used  in  the  comparisons,  in  order  that  the  observations 
might  be  available  for  actual  measurements  of  intensity  and  might 
mean  something  really  definite  instead  of  mere  guesswork.  For 
this  purpose  a  photographic  scale  was  constructed,  consisting  of  a 
series  of  lines  regularly  increasing  in  intensity  from  a  line  barely 
visible  to  others  as  strong  as  were  desired. 

A  large,  narrow  slit  was  used,  with  a  gaslight  behind  it  and  a  plate 
of  ground  glass  between  them,  to  produce  a  more  even  light.  A  series 
of  images  of  the  slit  were  then  made  upon  a  photographic  plate  held 
in  a  camera,  the  lens  of  which  had  been  covered  with  a  piece  of  wire 
gauze,  fine  enough  to  produce  a  shading  to  the  edge  of  the  lines  and 
a  somewhat  diffuse  appearance  of  the  lines  themselves,  but  not  suffi- 
ciently fine  to  produce  any  definite  side  lines  due  to  diffraction 
fringes. 

In  the  scale  thus  constructed  the  exposures  were  so  timed  as  to  be 
in  geometrical  ratio,  the  object  being  to  form  a  scale  of  lines  whose 
intensity  should  vary,  as  the  geometrical  series  1,  2,  4,  8,  16,  etc. 
These  lines  formed  the  principal  divisions,  while,  to  facilitate  meas- 
urements, an  intermediate  line  was  added  by  making  the  ratio  of  the 
series  1.414  or  \/2. 

A  fine-grained  plate  was  used  and  so  developed  as  to  secure  the 
best  gradation  and  the  clearest  background  obtainable.  In  this  way 
a  scale  was  produced,  the  lines  of  which  closely  resembled  those  in 
the  spectrum  of  the  earth's  atmosphere  and  the  better  class  of  lines 
in  the  solar  spectrum.  The  scale  answered  very  well  for  preliminary 
work,  but  has  several  defects,  which  would  be  objectionable  in  more 
refined  work.  It  is,  however,  possible  to  produce  a  photographic 
scale  which  will  be  entirely  satisfa>ctory.  It  is  not  true  that  a  series 
of  lines  thus  produced  vary  in  intensity  exactly  as  a  geometrical 
spries,  but  this  is  approximately  true,  and  consequently  such  a  scale 
possesses  some  of  the  advantages  of  a  table  of  logarithms.  By  its 
use  variations  in  the  spectrum  as  a  whole,  such  as  are  caused  by  the 
use  of  different  gratings  and  different  orders  of  spectra,  with  more  or 
less  diffuse  light  and  different  widths  of  slit,  can  be  expressed  by  a 
constant,  by  the  application  of  which  observations  made  with  differ- 
ent gratings  under  different  circumstances  can  be  reduced  to  standard 
conditions.    This  was  shown  experimentally,  during  the  progress  of 
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this  investigation,  by  the  fact  that  measurementB  made  in  both  the 
first  and  second  order  spectra  of  the  grating  used  differed  by  a  con- 
stant, and  measurements  of  the  different  lines  of  the  oxygen  bands 
differed  by  constants,  irrespective  of  the  elevation  of  the  sun  and  the 
order  of  spectra  or  width  of  slit  used.  As  a  consequence  of  the 
properties  of  such  a  scale  all  necessary  computations  and  reductions 
can  be  greatly  simplified  and  shortened.  The  observations  included 
in  the  scope  of  this  paper  have  only  been  partly  thus  reduced,  though 
had  the  method  been  extended  much  labor  and  time  might  have  been 
saved. 

In  measuring  the  intensities  of  the  solar  lines  the  scale  was  held 
in  one  hand  and  an  eyepiece  in  the  other,  and  the  lines  of  the  scale 
brought  into  focus  with  the  solar  line  to  be  measured,  the  latter  being 
brought  into  position  between  the  two  lines  of  the  scale  most  nearly 
of  the  same  intensity  as  the  line  to  be  measured.  Holding  the  scale 
in  the  hand  is  not  an  ideal  way  of  measuring  and  is  not  to  be 
recommended,  but  it  answered  the  purpose  of  a  preliminary  set  of 
measurements,  and  there  was  no  other  convenient  arrangement  avail- 
able. The  relative  intensities  of  the  water-vapor  lines  should  have 
been  mefirsured  in  this  way,  making  several  determinations  with  dif- 
ferent degrees  of  humidity  of  the  air,  but  this  was  not  done,  partly 
because  of  the  lack  of  time  required  for  making  such  measurements 
and  partly  because,  under  the  conditions  prevailing  in  Baltimore 
when  the  measurements  were  made,  the  conditions,  otherwise  favor- 
able, occurred  when  the  sun  was  nearing  the  horizon  and  the  intensi- 
ties of  the  lines  were  changing  too  rapidly.  Under  these  circum- 
stances a  much  less  desirable  plan  was  adopted,  viz,  that  of  selecting 
those  observations  which  included  a  comparison  of  both  the  lines  to 
be  measured  and  of  the  line  taken  as  a  standard  (IJ  with  solar  lines, 
plotting  the  values  thus  obtained  and  deriving  in  this  manner  the 
relative  values  of  the  various  water-vapor  lines  selected  in  terms  of 
the  one  taken  as  standard.  This  plan  is  not  to  be  recommended,  but 
was  the  only  one  that  seemed  to  be  available. 

In  the  same  way  the  relation  of  eye  estimates  of  differences  in 
intensity  to  scale  values  was  determined  by  thus  selecting  observa- 
tions which  were  considered  most  suitable  for  the  purpose.  The 
results  were  plotted  and  a  curve  drawn  representing  the  relation  of 
eye  estimates  to  scale  values,  and  by  which  the  differences  in  intensity 
as  estimated  by  the  eye  were  reduced  to  scale  values,  when  the  lines 
compared  were  not  of  equal  intensity.  This  determination  was  not 
altogether  satisfactory,  but  answered  fairly  well,  as  lines  were  gen- 
erally selected  for  comparison  which  differed  but  little  in  intensity. 

In  Table  II  are  given  the  intensities  of  the  solar  lines  used  in 
terms  of  the  standard  line  selected  (Q)  with  their  approximate  wave 
lengths. 
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In  Table  III  are  given  the  water-vapor  lines  used,  with  their  inten- 
sities in  terms  of  the  line  selected  as  standard  (IJ  and  their  approxi- 
mate wave  lengths. 

These  values  are  not  so  accurate  as  might  be  desired,  and  are  known 
to  contain  some  errors,  but  on  the  whole  they  are  fairly  well  deter- 
mined, and  I  do  not  think  it  would  be  worth  while  to  make  a  redeter- 
mination by  the  same  method. 

Considerable  trouble  was  occasioned  by  a  few  of  the  lines  being 
partly  solar  and  partly  water  vapor,  necessitating  special  observa- 
tions to  determine  how  much  of  the  total  intensity  was  due  to  each 
source. 

Unfortunately,  one  of  the  most  useful  lines,  and  the  one  most  used 
for  low  sun  observations,  was  found  to  be  of  this  character.  It  is  a 
double  solar  line  at  wave  length  5914.884,  and  has  a  water-vapor  com- 
ponent coincident  with  the  red  component  of  the  double. 

Having  finished  the  determination  of  the  relative  intensities  of  the 
lines  selected  and  completed  a  series  of  observations,  the  results  were 
put  in  tabular  form  and  the  reductions  made  as  follows :  The  table 
(I)  begins  with  the  date  of  the  observation  in  the  first  column;  then 
follows  what  may  be  called  the  astronomical  data,  viz,  the  time  ( T) 
according  to  ''  eastern  standard  "  time ;  the  hour  angle  (t),  plus  values 
representing  values  west  of  the  meridian  and  minus  values  those  to 
the  east;  the  amplitude  (A)^  reckoned  from  the  south  point,  the 
signs  being  the  same  as  for  the  hour  angles;  the  apparent  zenith  dis- 
tance («),  the  correction  for  refraction  having  been  made. 

Then  follows  the. amount  (a)  of  atmosphere  passed  through  by 
the  sunlight  at  the  given  angle,  and  in  the  next  column  is  given  the 
factor  (P)  for  reducing  the  intensities  of  the  water-vapor  lines  as 
observed  to  what  they  would  be  were  the  sun  in  the  zenith.  This 
factor  is  only  approximate  and  varies  according  to  the  season,  but 
only  the  mean  value  for  each  month  is  used. 

Then  follow  the  original  observations  upon  the  various  water- 
vapor  lines,  given  in  terms  of  the  solar  line  with  which  they  were 
compared. 

The  next  series  of  columns  give  these  values  so  reduced  as  to  rep- 
resent the  intensity  of  the  lines  observed  in  terms  of  the  standard 
solar  line  (Q). 

In  the  next  series  of  columns  are  the  respective  resulting  values 
of  the  intensity  of  the  standard  water-vapor  line  (1,)  in  terms  of  the 
standard  solar  line  (Q). 

Next  is  the  column  of  means  and  then  the  reduced  means,  giving 
the  means  multiplied  by  the  reduction  factor  (ft).  This  represents 
the  value  of  the  means  reduced  to  what  they  would  be  were  the  sun 
in  the  zenith. 

Then  follow  the  meteorological  data,  viz,  the  absolute  humidity  (h) 
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or  the  amount  of  water  vapor  contained  in  the  air  at  the  Baltimore 
station,  given  in  grains  per  cubic  foot;  the  dew  point  (D.  P.);  the 
relative  humidity  (R,H,);  the  temperature  of  the  air  («) ;  the  height 
of  the  barometer  (6),  corrected  and  reduced  to  sea  level ;  the  precipi- 
tation (p)  for  the  preceding  twelve  hours. 

For  comparison  with  meteorological  data,  the  midday  observation 
is  much  the  most  valuable,  t^  the  reduction  to  standard  conditions 
(the  conditions  that  would  prevail  were  the  sun  in  the  zenith)  is  less 
liable  to  error.  Consequently  pains  were  taken  to  secure  as  complete 
a  set  of  midday  observations  as  possible.  In  addition  to  these  a  set 
of  observations  at  various  altitudes  of  the  sun  from  noon  to  sunset 
were  made  every  few  days,  in  order  that  satisfactory  curves  for  re- 
ducing observations  to  standard  conditions  might  be  constructed. 

Considerable  attention  was  also/ given  to  observations  made  upon 
the  approach  of  both  general  and  local  storms  and  during  the  ap- 
proach and  prevalence  of  "  cold  waves."  Observations  were  not  con- 
fined to  the  water-vapor  lines,  but  were  occasionally  made  upon  the 
various  lines  of  oxygen,  as  it  was  desired  to  find  the  curve  represent- 
ing similar  series  of  observations  for  one  of  the  least  changeable  gases 
of  the  atmosphere.  For  this  purpose  oxygen  lines  were  observed  in 
the  same  manner  a^  were  the  water-vapor  lines,  and,  in  addition,  they 
were  measured  frequently  by  the  scale,  and  the  two  methods  were 
found  to  give  the  same  results. 

The  observations  were  reduced  and  plotted  and  curves  drawn  rep- 
resenting approximately  the  mean  monthly  results.  These  monthly 
curves  were  used  to  reduce  the  observations  to  standard  conditions. 
The  daily  curves  differed  considerably  during  the  month,  especially 
during  spring  and  fall,  but  it  was  considered  best  for  this  investiga- 
tion to  only  use  a  monthly  mean  curve. 

In  Table  IV  the  intensity  of  the  standard  water-vapor  line  at  vari- 
ous altitudes  of  the  sun,  during  the  different  months  of  the  year,  is 
given  as  taken  from  the  mean  monthly  curves  referred  to.  In  addi- 
tion are  given  the  intensities  representing  specially  interesting  condi- 
tions, viz,  the  readings  from  the  curve  of  January  10, 1893,  represent- 
ing the  curve  for  a  "  cold  wave,"  and  also  the  mean  of  the  curves  for 
July  14,  15,  16,  17,  and  18,  1893,  during  the  prevalence  of  warm, 
humid,  weather  conditions.  In  the  same  table  are  also  given  the 
results  for  oxygen.  As  this  varies  scarcely  any  during  the  year,  a 
singib  curve  suffices  to  represent  it.  The  intensities  given  under 
oxygen  are  those  of  the  first  line  in  the  tail  of  a  (i.  e.,  the  oxygen 
line  a),  in  terms  of  the  same  standard  solar  line  (Q)  used  for  com- 
parison with  the  water-vapor  line. 

A  study  of  the  values  of  the  intensity  curves,  as  given  in  Table  IV, 
brings  out  some  interesting  results.  Not  only  are  the  intensities  for 
the  summer  months  much  greater  than  for  the  winter  months,  but 
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the  forms  of  the  curves,  or  their  slopes^  are  quite  different  and  also 
decidedly  different  from  the  form  of  the  curve  representing  oxygen, 
shgwing  that  the  character  of  the  distribution  of  water  vapor  in  our 
atmosphere  is  greatly  different  from  that  of  oxygen  and  also  greatly 
different  at  different  seasons. 

An  interesting  fact  is  the  similarity  in  the  curves  for  December, 
January,  February,  and  March ;  the  rapid  change  in  the  curves  dur- 
ing April  and  the  beginning  of  May;  the  gradual  changes  after  Au- 
gust and  during  the  fall  months.  The  most  remarkable  difference, 
however,  is  between  the  conditions  prevailing  during  cold  waves  and 
very  warm,  humid  weather.  The  distribution  of  water-vapor  during 
cold  waves  seems  to  be  much  like  that  of  oxygen,  while  during  warm, 
humid  weather  it  is  almost  entirely  different. 

In  Table  IV  the  values  given  in  parentheses  are  somewhat  uncer- 
tain, observations  not  having  been  made  at  these  altitudes ;  the  hori- 
zon as  seen  from  the  heliostat  of  the  spectroscope  is  clear  only  during 
part  of  the  spring  and  winter,  and  the  highest  altitude  of  the  sun  is 
at  a  considerable  distance  from  the  zenith  during  the  winter. 

As  to  the  usefulness  of  the  spectroscope  in  meteorological  observa- 
tions, my  opinion  is  that  for  the  study  of  the  distribution  of  water 
vapor  in  the  atmosphere  it  is  of  great  value,  but  as  an  instrument  for 
regular  observations  upon  which  are  to  be  based  the  predictions  of 
future  weather  conditions,  it  is  not  much  of  an  addition  to  the  in- 
struments already  in  use.  It  might  be  of  considerable  use  at  times, 
but  hardly  suflBcient  to  justify  its  use  at  most  meteorological  stations. 
However,  if  a  few  selected  stations  were  equipped  with  a  simple  form 
of  instrument  of  suflScient  dispersive  power  valuable  data  might  be 
secured. 

The  increase  in  intensity  of  the  water-vapor  lines  is  quite  decided 
upon  the  approach  of  a  general  storm,  and  depends  to  some  extent 
upon  the  direction  and  the  azimuth  of  the  sun,  or  the  direction  in 
which  the  instrument  is  pointed  in  relation  to  the  position  of  the 
storm.  There  is  much  less  of  a  change  at  the  approach  of  a  local 
storm,  and  if  it  be  a  small  unimportant  one,  the  strength  of  the  water- 
vapor  lines  may  scarcely  be  affected  at  all.  Neither  is  there  any  per- 
ceptible increase  in  the  intensity  of  these  lines  when  the  sun  is 
shining  through  clouds,  or  when  the  sunlight  passes  immediately 
underneath  even  a  fairly  large  cumulus  cloud.  However,  there  is 
likely  to  be  a  marked  diminution  in  the  intensity  of  the  water-vapor 
lines  immediately  after,  even  a  small  local  storm,  with  an  increase 
again  to  what  it  was  before  if  the  storm  has  been  an  unimportant  one. 

It  may  also  be  of  interest  to  note  the  fact  that  there  is  a  difference 
in  the  curves  representing  morning  and  afternoon  observations,  espe- 
cially during  the  colder  part  of  the  year,  the  slopes  of  the  morning 
curve  being  steeper,  and  showing  relatively  less  water  vapor  in  the 
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lower  regions  of  the  air  than  during  the  aftenjoon.  In  my  opinion 
observations  made  with  small  spectroscopes  having  insuflScient  dis- 
persion to  easily  see  the  various  lines  distinctly,  are  w^orse  than  use- 
less, as  the  region  of  the  rain-band  contains  many  solar  lines  which 
can  not  be  distinguished  from  water-vapor  lines  without  good  defini- 
tion and  considerable  dispersion. 

The  pointing  of  a  spectroscope  toward  the  sky,  instead  of  the  sun, 
will  also  give  erroneous  results  of  scarcely  any  use  whatever  for  pur- 
poses of  study. 

Table  II. — Solar  Unes, 


Name 
of  line. 

Intensity, 
Q=l. 

Wave  length. 

Dj 

4.260 

6800.182 

A* 

* 

6891.4 

B 

0.072 

6892.0 

C 

0.188 

6892.0 

D 

0.766 

6698.096 

E 

0.060 

6896.4 

I>i 

8. 146 

6896.164 

F 

0.820 

5899.6 

O 

0.146 

5899.7 

H 

0.197 

5902.7 

I 

0.611 

5905.896 

P 

0.219 

6907.1 

J 

0.866 

6910.1 

K* 

* 

6914.884 

Name 
of  line. 

Intensity, 
Q=l. 

Wave  length. 

L 

0.651 

5016.476 

M 

0.211 

5918.7 

N 

0.288 

5922.2 

O 

0.488 

5028.0 

P 

0.891 

5929.9 

Q 

1.000 

5080.410 

Ri 

0.182 

5983.9 

R 

0.781 

5084.888 

S 

0.195 

6941.9 

T 

0.986 

6948.761 

U 

0.865 

6919.6 

v 

0.680 

5962.9 

W 

0.819 

5968.8 

X 

o.6n 

6956.926 

*  Intensities  of  solar  lines  having  atmospheric  components: 

A  =  0.215  Q  +  0.135  1, 
K  =  1.28    Q  +  0.375  1, 

Table  III. —  Water-vapor  Unet. 


Name 
of  line. 

Intensity, 
lj=l. 

Wave  length. 

Name 
of  line. 

Intensity, 
Ij  — 1. 

Wave  length. 

ai 

0.286     ' 

6691.7 

k4 

0.206 

6016.8 

as 

0.700 

6891.8 

li 

0.426 

6018.6 

aa 

« 

5692.6 

Is 

1.000 

6910. 666 

bi 

0.800 

6896.2 

Is 

0.418 

5020.7 

b, 

0.866 

6696.7 

m 

0.600 

6022.7 

Cl 

0.260 

6894.6 

Hi 

0.768 

5024.4 

09 

0.270 

5696.1 

na 

0.586 

6025.1 

o» 

0.200 

6806.8 

Ol 

0.600 

6928.4 

di 

« 

6806.896 

Os 

0.182 

5829.4 

da 

.     0.470 

5699.1 

Oa 

0.066 

6029.6 

ei,2 
©1 

0.960 

Ps 
Pa 

0.117 

6880.8 

0.410 

6900.1 

0.126 

6981.1 

et 

0.620 

6900.2 

Pi 

0.600 

5962.2 

fi 

« 

6901.661 

q 

0.400 

5682. 9 

f. 

0.800 

6002.3 

rs 

0.186 

6986.4 

Si 

0.S70 

6909.1 

ri 

0.296 

6986.0 

0.866 

6910.8 

Bl 

0.660 

6941.8 

b« 

0.600 

5910.0 

6a 

6942.6 

fe 

0.486 
0.260 
0.280 

6018.1 
5916.1 
5916.6 

u 

6942.8 
6946.4 
6949.6 

0.686 

ks 

0.226 

6915.8 

*  Intensities  of  water  vapor  lines  having  solar  components 

a,  =  0.070  Q  +  0.410  1, 
d,  =  0.030  Q  +  0.840  1, 
f,  =  0.050  Q  +  0.950  1, 


12 

Table  IV.- 


AQUEOUS   VAPOR   IN   THE   ATMOSPHERE. 

I 

-Mean  intimity  from  curves  represen^Ti^  ihe  mean  wsXue  of  ftm  for  the 

respective  months. 


Zenith  distance. 


oo 

200.... 
450.... 
6O0... 
TOO  ... 
8OO.... 
860  ... 
870  30' 
890... 
90O.... 


1802. 


Jan. 


(0. 160) 
(0.200) 
(0.246) 
0.205 
0.425 
0.780 

i.iao 

1.480 
1.930 
2.600 


Feb. 


(0.190) 

(0.280) 

0.290 

0.886 

0.620 

0.860 

1.290 

1.780 

2.400 

8.100 


Marob. 


April. 


(0.210) 

(0.280) 

0.260 

0.826 

0.810 

0.460 

0.890 

0.690 

0.500 

0.800 

0.800 

1.880 

1.180 

1.940 

1.600 

2.480 

2.080 

2.980 

2.800 

(8.400) 

May. 


0.460 
0.520 
0.780 
1.060 
1.670 
2.450 
8.880 
(4.070) 
(4.700) 


June. 


0.640 
0.760 
1.160 
J.  780 
2.440 
8.080 
t4.640) 
(6.800) 


July. 


0.580 
0.640 
0.960 
1.440 
2.000 
8.160 
(4.860) 
(6.100) 


Aug. 


0.470 
0.680 
0.860 
1.190 
1.600 
(2.860) 


Zenith  distance. 


00 

2aP.... 
4SP.... 
6O0.... 
70O.:.. 
80O.... 
85P.... 
870  80' 
890.... 
90°.... 


1892. 


Sept. 


(0.840) 
(0.400) 
0.690 
0.900 
1.440 
2.250 
(2.940) 


Oct. 


(0.320) 

(0.370) 

0.490 

0.690 

1.010 

1.760 

2.590 

(8.480) 

(4.000) 

(4.700) 


Nov. 


(0.280) 
(0.290) 
0.890 
0.6S0 
0.776 
1.440 
2.160 
2.860 
8.60O 
(4.800) 


Deo. 


(0.170) 

(0.200) 

(0.280) 

0.870 

0.686 

1.080 

1.680 

2.100 

2.600 

(8.800) 


1898. 


Jan. 


(0. 150) 
(0.190) 
(0.260) 
0.820 
0.420 
0.780 
1.120 
1.560 
2.080 
2.80O 


Intensity  from  curves 
for  special  dates. 


Cold  wave, 

Jan.  10, 

1808. 


(0.070) 
(0.096) 
(0.125) 
0.160 
0.206 
0.310 
0.486 
0.680 
0.940 
1.280 


Hot  wave, 

July  14-18, 

1808. 


1.080 
1.220 
1.640 
2.180 
2.820 
8.900 
(6.000) 


^  (3 
OS 

g& 


0.280 
0.260 
0.810 
0.800 
0.426 
0.610 
0.890 
1.210 
1.660 
2.000 


Dated,  Baltimork,  October  25, 1898. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Depabtment  of  Agbioultubb, 

Weatheb  Bubeau, 
Washington^  D.  C,  January  12 j  1896, 

Sib:  I  have  tbe  honor  to  transmit  herewith  bulletin  on  <*The  work 
of  the  Weather  Bureau  in  connection  with  the  rivers  of  the  United 
States,"  and  to  recommend  its  publication  as  a  bulletin  of  the  Weather 
Bureau. 

I  take  pleasure  in  acknowledging  the  valuable  assistance  rendered 
in  the  preparation  of  this  paper  by  Miy.  H.  H,  C.  Dunwoody,  U.  S.  A., 
assigned  as  assistant  chief;  Henry  E.  Williams,  chief  of  division,  and 
Alexander  McAdie,  local  forecast  official. 

Very  respectfully,  *  Willis  L.  Moobe, 

Chief  of  Bureau. 
Hon.  J.  Stebling  Mobton, 

Secretary  of  Agriculture. 
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INTRODUCTION. 


On  January  1, 1896,  the  Weather  Bureau  river  and  flood  system  con- 
sisted of  135  special  river  stations,  equipped  with  standard  river 
gauges  for  measuring  the  vertical  rise  of  the  surface  of  the  water,  and 
in  many  cases  with  standard  thermometers  for  measuring  air  tempera- 
ture. These  stations  were  manned  by  local  observers  receiving  from 
the  Weather  Bureau  pay  commensurate  with  their  services.  There 
were  44  rainfall  stations,  equipped  with  rain  gauges  and  manned  by 
local  paid  observers,  and  so  distributed  in  the  various  catchment  basins 
of  the  tributaries  to  important  rivers  as  to  give,  in  connection  with  the 
regular  meteorological  Weather  Bureau  stations,  a  fair  approximation 
to  the  average  rainfall  throughout  each  watershed.  There  were  38  com- 
pletely equipped  meteorological  stations  of  the  Weather  Bureau  where 
river  measurements  were  made,  and  22  Weather  Bureau  stations  which 
were  centers  from  which  flood  warnings  and  forecasts  of  expected 
changes  in  river  level  were  issued. 

The  special  work  of  the  Weather  Bureau  in  connection  with  the  rivers 
of  the  country  is  to  facilitate  commerce  on  navigable  streams  by  pub- 
lishing daily  information  as  to  water  stages  along  the  course  of  each 
river,  and  to  issue  timely  warnings  of  floods  so  as  to  effect  the  saving 
of  life  and  property. 

As  yet  the  rules  of  flood  forecasting  are  largely  empirical.  The 
official  in  charge  of  a  river  center  is  familiar  with  the  main  river  and 
its  tributaries,  the  area  and  topography  of  the  catchment  basin,  the 
frequency  and  intensity  of  the  rainfall,  especially  the  intensity,  the 
average  time  of  passage  of  flood  crest  between  one  station  and  another, 
and  the  history  of  past  rises.  The  knowledge  of  low-water  conditions, 
especially  where  bars  and  shoals  exist,  is  perhaps  of  equally  great 
importance  as  the  knowledge  of  high  water.  In  fact,  many  statements 
are  received  at  the  central  office  in  Washington,  from  steamboat  and 
navigation  companies,  to  the  effect  that  low-water  conditions  continue 
longer  and  affect  navigation  more.  The  people  living  in  regions  con- 
tiguous to  navigable  streams  are  materially  affected  in  their  industries 
by  the  conditions  of  navigation,  but  the  destruction  of  life  and  prop- 
erty, as  affected  by  the  rivers,  depends  entirely  upon  flood  conditions. 
The  official  in  charge  of  a  river  center  is  expected,  with  the  data  at  his 
command,  to  give  information  to  those  interested  in  navigation,  even 
during  low  or  medium  stages  of  water,  that  is  of  great  pecuniary  value; 
but  his  chief  and  foremost  duty  is  the  dissemination  of  warnings  when 

floods  threaten. 

5 


Many  data  in  regard  to  river  stages  have  been  published  by  the 
Weather  Bureau,  the  Mississippi  Eiver  Commission,  and  the  United 
States  Signal  Service.  From  the  data  thus  collected,  and  now  cover- 
ing many  years  at  some  stations  and  shorter  periods  at  others,  the 
following  general  relations  have  been  deduced:  The  time  it  takes  high 
water  to  pass  from  Pittsburg  to  Wheeling  is  one  day;  from  Pittsburg 
to  Parkersburg,  two  days;  from  Parkersburg  to  Cincinnati,  three  days; 
from  Cincinnati  to  Cairo,  six  days;  from  Cairo  to  Vicksburg,  seven 
days,  aud  from  Vicksburg  to  New  Orleans,  four  days.  From  Pittsburg, 
therefore,  to  the  Gulf  requires  twenty- three  days.  Similar  general  rela- 
tions concerning  the  movements  of  other  rivers  have  been  determined. 
Since  the  time  of  travel  is  so  great  it  naturally  follows  that  many  inter- 
fering conditions  arise,  tending  to  accelerate  or  retard  the  crest  of  the 
flood  wave.    No  simple  time  rules  are,  therefore,  possible. 

The  volume  of  water  passing  a  station  in  a  given  time  is  known  only 
at  a  few  places,  and  varies,  of  course,  with  high  and  low  water.  Nor 
can  simple  rules  be  based  upon  the  rainfall,  as  the  absorptive  condition 
of  the  soil  is  not  constant,  and  the  distribution  of  precipitation  over 
the  drainage  area  is  not  always  determinable. 

The  principal  rivers  concerned  in  the  Weather  Bureau  system  are 
the  Alleghany,  Monongahela,  Ohio,  Kanawha,  Wabash,  Illinois,  Ten- 
nessee, Cumberland,  Mississippi,  Missouri,  Arkansas,  and  Bed  rivers 
of  the  central  valleys;  the  Columbia,  Sacramento,  and  San  Joaquin  of 
the  Pacific  Coast;  aud  the  Hudson,  Susquehanna,  Potomac,  Savannah, 
Chattahoochee,  and  Alabama  of  the  Atlantic  and  east  Gulf  coasts. 
Gauging  stations  are  most  numerous  on  the  rivers  of  the  central 
valleys,  and  rainfall  stations  are  more  numerous  throughout  the  catch- 
ment basins  of  these  rivers  than  they  are  on  the  combined  rivers  of 
the  Atlantic  and  Pacific  coasts. 

The  river  flood  service  of  the  Bureau  was  reorganized  on  July  3, 1893, 
and  the  duty  of  warning  communities  resident  along  the  great  rivers 
placed  in  the  hands  of  local  forecast  officials  at  the  principal  river  cen- 
ters. Each  forecaster  in  charge  of  a  river  center  has  a  definite  section  of 
the  river  system  of  his  district  to  watch  and  forecast  for.  He  receives 
the  necessary  telegraphic  reports  of  rainfall  which  has  occurred  over 
the  tributaries  in  his  river  district,  the  daily  telegraphic  data  as  to 
gauge  readings  nearer  the  source  of  the  main  river  than  his  own  station, 
also  gauge  readings  on  many  of  the  tributary  streams.  Each  forecaster 
is  familiar  with  the  area  of  the  catchment  basin  from  which  his  rainfall 
reports  are  received,  the  contour  and  configuration  of  the  surface,  and 
the  permeability  of  the  soil.  A  slowly  falling  rain  of  considerable 
volume  on  a  nearly  level  and  permeable  soil  may  cause  little  rise,  while 
a  rapidly  falling  rain  of  the  same  amount  on  an  impermeable  and  greatly 
inclined  surface  will  gather  quickly  in  the  channels  of  the  tributaries, 
and  soon  become  a  rushing  torrent  in  the  main  stream.  The  local  fore- 
casters are  furnished  with  all  the  data  available  relative  to  the  history 


of  previouB  floods  and,  therefore,  are  equipped  as  completely  as  possible 
for  the  work  before  them.  With  such  advantages,  and  with  their  own 
experience  and  ability,  it  is  thought  that  no  disastrous  rise  of  the 
waters  can  occur  in  the  future  without  adequate  warning  of  the  same 
having  been  given  to  all  concerned. 

A  river  bulletin  board  has  been  placed  on  some  of  the  principal  steam- 
boats leaving  Cairo,  so  arranged  that  the  river  stages  can  be  read  by 
people  on  shore  and  on  passing  steamers.  Thus  pilots  ascending  or 
descending  the  river  get  the  latest  readings  at  the  places  they  are 
bound  for. 

The  river  gauge  is  a  graduated  scale  on  which  the  height  of  the  river 
is  measured.  The  zero  of  the  gauge  is  usually  at  or  somewhere  near 
the  level  of  the  lowest  water  known.  A  gauge  is  generally  vertical, 
and  is  usually  fastened  to  a  bridge,  pier,  or  piling,  and  is  of  sufficient 
length  to  cover  the  greatest  height  of  water  likely  to  occur.  When  a 
river  gauge  can  not  be  set  vertically  it  is  laid  on  the  bank,  according 
to  the  slope  of  the  ground.  The  foot  marks  on  a  gauge  of  this  kind 
must  be  accurately  located  by  means  of  a  spirit  level,  so  as  to  agree 
with  those  on  a  vertical  gauge.  When  a  stage  of  water  below  the  zero 
>ocours  it  is  read  as  a  minus  stage.  It  is  not  desirable  to  change  the 
zero  point  after  readings  made  from  that  basis  hav«  continued  for  any 
length  of  time. 

It  may  be  of  interest  to  know  that  on  account  of  the  narrowness  of 
the  valley  and  the  precipitous  shore  line  of  the  Ohio  the  water  in  the 
river  must  show  rises  varying  from  30  to  50  feet  before  the  danger  line 
is  reached.  At  Cincinnati  the  danger  line  is  45  feet  above  the  zero  of 
the  scale,  and  a  height  of  7  L  feet  above  zero  has  been  recorded.  On  the 
Upper  Mississippi  the  danger  lines  average  about  15  feet  above  zero, 
but  from  St.  Louis  southward  to  Vicksburg  they  average  about  35  feel^ 
while  at  New  Orleans,  with  its  great  system  of  levees,  the  danger  limit 
is  but  13  feet  above  zero. 

In  the  early  history  of  the  river  system  the  data  received  from  the 
yarious  river  stations,  though  meager,  were  sufficient  to  permit  useful 
warning  of  marked  changes  in  the  river  levels.  In  the  spring  of  1874 
this  branch  of  the  Bureau  had  its  first  experience  with  destructive 
floods.  In  that  year  floods  devastated  the  valleys  of  the  Lower  Missis- 
«ppi,  the  Arkansas,  White,  Bed,  and  other  rivers,  causing  crevasses 
in  the  levees  and  inundating  large  areas  of  bottom  lands  in  the  Missis- 
sippi Delta.  The  value  of  the  special  reports  whiph  were  telegraphed 
at  that  time  by  the  Weather  Bureau  could  scarcely  be  determined. 
They  were  the  only  reports  sent  directly  to  the  people  of  the  flooded 
districts,  and  showed  daily  the  coming  rises  and  falls  of  the  water.  A 
study  of  these  floods  showed  the  necessity  of  establishing  for  each  of 
the  rivers  a  certain  depth  of  water  above  which  the  stages  were  dan- 
gerous to  river  interests.  These  points  were  designated  as  ^^duiger 
levels"  and  ^<  danger  lines,''  and  were  established  for  the  Mississippi, 
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Missouri,  and  Ohio  rivers  during  that  year.  In  prosecuting  this  work, 
data  from  the  best  obtainable  autliorities  were  collected  and  compiled 
for  the  construction  of  a  chart  of  the  Ij^sins  and  watersheds  of  the 
principal  rivers.  A  river  slate  was  designed,  on  which  were  outlined 
the  average  grades  of  the  beds  of  the  different  rivers  at  the  different 
parts  of  their  courses.  The  object  in  preparing  this  chart  was  to 
facilitate  the  tracing  of  flood  waves,  and  their  movement  from  one 
place  to  another.  When  an  unusually  heavy  rain  was  noted  in  any 
watershed,  it  was  known  into  what  rivers  it  must  flow  and  about  the 
amount  of  rise  that  would  result.  A  knowledge  of  the  rapidity  with 
which  the  flood  would  travel  and  of  the  rivers  it  would  pass  made  it 
possible  not  only  to  follow  its  course,  but  also  to  give  timely  warning 
of  its  approach. 

Some  idea  of  the  vast  destruction  of  property  due  to  floods  may  be 
gathered  from  the  statement  that  the  floods  of  the  spring  of  1881  and  of 
1882  caused  a  loss  of  not  less  than  $15,000,000  to  the  property  interests 
of  the  Ohio  and  Mississippi  valleys.  It  may  also  be  noted  that  the  flood 
of  the  spring  of  1882  caused  a  loss  of  138  lives  in  the  region  from  Cairo 
southward  to  New  Orleans. 

In  forecasting  stages  of  water  during  such  flood  periods  as  the  two 
mentioned,  it  must  be  borne  in  mind  that  precipitation  may  be  only  an 
inconsiderable  factor.  In  those  cases  vast  quantities-of  snow,  which 
had  accumulated  during  the  winter,  overlay  the  Northern  States,  and 
with  the  early  rains  of  spring  came  abnormal  heat,  causing  a  very  rapid 
melting  of  the  snow  lying  over  many  of  the  watersheds.  In  these  floods 
it  is  probable  that  the  sudden  coming  of  abnormally  high  temperatures 
was  a  more  potent  influence  than  the  immediate  precipitation. 

The  floods  of  1884  began  in  the  Ohio  Yalley  in  February,  when  the 
river  reached  the  highest  stage  on  record.  The  Mississippi  River,  from 
Cairo  to  the  Gulf,  also  reached  a  very  high  stage.  Ample  and  timely 
warnings  were  telegraphed  to  all  available  points  throughout  the  Ohio 
Valley,  and  the  resources  of  the  Bureau  were  taxed  to  the  utmost  in 
the  interests  of  the  flooded  districts.  The  damage  caused  in  the  Ohio 
Valley  by  this  flood  could  hardly  be  calculated.  In  the  region  about 
Cincinnati  alone  the  loss  of  property  was  variously  estimated  at  from 
$10,000,000  to  $26,000,000. 

From  June,  188J),  to  July,  1893,  the  care  and  supervision  of  the  flood 
service  of  the  Bureau  were  intrusted  to  a  single  individual,  and  a  con- 
siderable extension  of  the  system  was  made  in  the  way  of  establishing 
rainfall  stations  near  the  head  waters  of  the  more  important  tributaries 
of  the  great  rivers.  In  the  early  part  of  June,  1889,  forecasts  were 
made  twelve  to  twenty-four  hours  in  advance  of  the  flood  which  reached 
the  city  of  Washington,  and  the  value  of  property  saved  in  this  city 
alone  was  many  times  greater  than  the  annual  appropriation  for  the 
entire  flood  service  of  the  country. 

In  the  spring  of  1890  the  Lower  Mississippi  Valley  was  flooded  for  a 


distance  of  40  miles  back  from  the  river,  in  the  States  of  Missonri, 
Arkansas,  Mississippi,  and  Louisiana.  The  special  flood  warnings, 
which  were  amply  confirmed  by  subsequent  stages  of  the  water,  were 
issued  from  Washington  in  advance  of  the  flood,  and  in  several  instances 
far  in  advance  of  the  flood  crest. 

Instances  are  numerous,  but  it  is  not  necessary  here  to  state  them, 
showing  the  vast  utility,  from  a  commercial  standpoint,  of  a  thoroughly 
equipped  Government  flood-warning  system,  notwithstanding  the  fact 
that  the  forecasts  are  based  upon  empirical  reasoning  and  are  therefore 
subject  to  more  or  less  error.  The  allotment  from  the  annual  appro- 
priation for  the  support  of  the  river  and  flood  system  of  the  Weather 
Bureau  is  not  greater  than  the  value  of  property  that  may  be  saved  in 
one  of  the  rooms  in  the  cellar  of  an  ordinary  commercial  house. 

In  considering  the  relation  of  the  Weather  Bureau  to  the  hydrography 
of  the  country  it  should  not  be  forgotten  that  to-day  there  are  about 
2,000  standard  rain  gauges  quite  uniformly  distributed  throughout  the 
region  east  of  the  Rocky  Mountains,  from  which  daily  measurements 
of  precipitation  are  received  by  mail  at  the  central  office  each  month. 
In  the  Eocky  Mountain  and  Pacific  Coast  region  about  1,000  gauges 
are  placed,  but  on  account  of  the  paucity  of  population  there  are  many 
important  regions  from  which  proper  data  are  not  being  received. 
Especially  for  the  purposes  of  irrigation,  measurements  of  snowfall  on 
the  high  mountain  ranges  are  valuable,  but  the  present  distribution  of 
observation  stations  is  inadequate  to  properly  record  the  conditions. 

Willis  L.  Moobe, 

Chief  of  Weather  Bureau, 
Washington,  D.  C,  January  12^  1896. 
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RIVER  FLOOD  SERVICE  OF  THE  UNITED  STATES. 


RIVER  REPORTS  AND  FLOOD  \l7ARNINaS. 
THE  WEATHER   BUBEAU  AND  RIVER  FLOODS. 

Prior  to  1873  observations  of  river  stages  were  made  at  a  limited 
number  of  points  by  the  United  States  Engineer  Corps,  and  at  some  of 
the  more  important  river  ports  regular  readings  of  the  height  of  the 
water  were  taken  under  the  direction  of  the  municipal  authorities.  In 
that  year  the  work  of  making  daily  observations  of  the  height  of  the 
water  in  the  rivers  was  formally  begun  by  the  Weather  Bureau,  and 
the  water  stage  at  each  station  of  observation  on  the  principal  'rivers 
was  telegraphed  with  the  weather  report  daily  to  other  river  stations, 
where  the  various  readings  were  bulletined  and  published  in  the  daily 
press  for  the  information  of  all  concerned.  At  the  central  office  at 
Washington  the  telegraphic  reports  were  used  for  determining  changes 
in  the  stage  of  the  several  rivers  for  the  benefit  of  river  commerce  and 
for  forecasting  the  occurrence  of  destructive  floods.  The  stage  of  the 
water  reported  usually  indicated  the  height  of  the  water  above  low 
water  mark,  and  in  places  where  the  water  has  since  fallen  below  the 
zero  of  the  gauge  so  determined  no  changes  have,  as  a  rule,  been  made 
in  the  elevation  of  the  gauge.  When,  therefore,  the  water  has  fallen 
below  the  zero  of  the  gauge  so  established,  the  readings  have  been 
reported  as  —  (minus)  and  have  indicated  the  distance  of  the  water 
surface  below  the  zero  mar.k  on  the  gauge. 

The  gauges  used  have  not  conformed  to  any  standard  pattern. 
Some  have  been  constructed  by  the  Government  and  some  by  the  cities 
in  which  they  are  located.  At  many  points  they  have  been  marked  on 
the  piers  of  bridges,  or  are  composed  of  stones  or  timbers  laid  along 
the  incline  of  the  river  bank.  A  necessary  feature  of  the  gauges  has 
been  that  their  construction  would  permit  of  accurate  readings  of  the 
vertical  height  of  the  water  surface  above  the  zero  of  the  gauge. 

River  notes  were  first  regularly  incorporated  in  the  Monthly  Weather 
Review  in  May,  1873,  and  consisted  of  a  summary  of  the  more  important 
changes  in  the  water  stages  of  the  larger  rivers.  Since  that  time  the 
Review  has  presented  a  monthly  history  of  the  water  fluctuations  and 
floods  of  the  principal  waterways  of  the  country.  The  chapter  devoted 
to  rivers  has  also  contained  notes  bearing  upon  inland  navigation  both 
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upon  the  rivers  and  the  Great  Lakes,  and  forms  a  record  of  the  dates 
of  closing  of  navigation  by  ice  and  low  stages  of  water,  and  of  the 
dates  upon  which  navigation  has  been  resumed. 

In  addition  to  reports  of  the  water  stages,  daily  observations  of  surface 
and  bottom  water  temperatures  of  the  rivers  and  lakes  and  on  the  sea- 
coast  were  made  for  the  use  of  the  United  States  Commissioner  of  Fish 
and  Fisheries,  the  object  being  to  determine  the  proper  rivers  and  lakes 
in  which  to  place  the  different  varieties  of  food-fish.  Announcements 
of  probable  approaching  changes  in  temperature  calculated  to  cause 
the  freezing  or  opening  of  canals  wei*e  also  sent  to  those  interested  in 
canal  navigation. 

In  the  following  year  a  circular  dated  March  25  was  issued  which 
showed  the  range  between  high  and  low  water  marks  on  the  Western 
rivers,  and  the  height  at  which  rises  became  dangerous  along  their 
banks.  This  was  said  to  have  been  the  first  systematic  attempt  to  estab- 
lish a  danger  line  on  those  rivers.  This  circular  elicited  correspondence 
which  contained  much  additional  valuable  information  concerning  the 
rivers,  which  was  utilized  in  the  current  work  of  the  office  and  incor- 
porated in  subsequent  published  river  statistics. 

In  1877  steps  were  taken  to  extend  the  plan  of  river  reports  to  the 
rivers  of  California  and  Oregon  with  a  view  to  forecasting  rapid  rises 
and  falls,  which  involved  grazing,  agricultural,  and  commercial  interests, 
and  in  the  following  year  river  reporting  stations  were  established  at  a 
number  of  points  in  those  States.  In  1880  arrangements  were  made  for 
the  construction  of  gauges  and  the  transmission  of  telegraphic  river 
reports  at  points  on  the  Rio  Grande  River.  In  that  year  23  special 
river  stations,  exclusive  of  the  regular  stations  of  the  Bureau,  were  in 
operation  on  the  rivers  east  of  the  Rocky  Mountains,  and  6  special 
river  stations  had  been  established  in  California  and  Oregon. 

The  second  important  flood  in  the  history  of  the  Weather  Bureau 
occurred  in  the  spring  of  1880,  when  many  of  the  streams  of  the  South- 
ern States  rose  above  the  danger  line.  At  Cairo  the  Mississippi  passed 
the  danger  line  March  9,  and  reached  44  feet  7  inches,  4  feet  7  inches 
above  the  danger  line  from  the  21st  to  the  25th,  and  fell  below  the 
danger  line  on  the  30th.  At  Memphis  the  danger  line  was  reached  on 
the  18th,  and  the  water  continued  slightly  above  that  i)oint  during  the 
balance  of  the  month.  At  Vicksburg  the  danger  line  (41  feet)  was 
reached  on  the  11th,  and  the  stage  of  water  increased  to  42  feet  11 
inches  at  the  close  of  the  month.  The  water  at  New  Orleans  reached 
the  danger  line  on  the  10th,  and  the  maximum  stage,  13  inches  above 
the  danger  line,  was  reported  on  the  28th.  Although  several  cre- 
vasses occurred  in  the  Lower  Mississippi  levees,  little  damage  was 
caused  during  the  month  of  March  in  that  region.  At  Cairo,  however 
about  one-fourth  of  the  city  was  flooded  to  a  depth  of  3  to  5  feet.  High 
water  also  caused  some  damage  along  the  Tennessee,  Cumberland,  Ala- 
bama, and  Chattahoochee  rivers.    These  freshets  resulted  from  very 
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heavy  rains  in.  the  Southern  States,  and  in  the  basins  of  the  Cumber- 
land and  Tennessee  rivers.  The  Mississippi  Eiver  continued  above  the 
danger  line  tcojn  Yicksburg  to  the  Gulf  during  the  following  month  of 
April.  A  number  of  breaks  occurred  in  the  levees  of  the  Lower  Mis- 
sissippi and  tributaries,  causing  considerable  damage  to  farming  lands, 
drowning  stock,  and  interrupting  traffic.  Floods  also  occurred  in  the 
rivers  of  California  in  April.  The  Lower  Mississippi  gradually  subsided 
below  the  danger  line  during  the  last  half  of  May,  after  having  been 
at  flood  height  during  a  period  of  about  ten  weeks.  The  information 
previously  coUected  and  collated  relative  to  the  rivers  of  the  flooded 
districts  made  it  x>o8sible  to  foresee  the  sweep  of  the  flood  tides  from 
their  origin  in  the  rain-deluged  mountain  districts  of  the  Southern 
States  and  Tennessee  along  their  southern  course  to  the  Gulf,  and  in 
the  case  of  the' Cumberland  and  Tennessee  to  their  junction  with  the 
Lower  Ohio,  and  to  calculate  their  velocity  along  the  Lower  Ohio  and 
Lower  Mississippi.  These  tides  were  supplemented  by  heavy  rains 
along  the  courses  of  the  rivers,  and  previous  study  of  the  influence  of 
copious  rains  in  the  watersheds  of  thedifl^erent  streams  allowed  a  just 
estimate  to  be  made  of  the  efl'ect  of  these  rains  upon  the  water  stages, 
and  permitted  timely  information  and  warnings  by  telegraph  to  the 
threatened  sections. 

In  June,  1881,  the  work  of  revising  the  circular  of  information 
regarding  rivers  was  begun,  the  new  edition  to  include  new  data 
contained  in  replies  to  a  letter  of  inquiiy  that  had  been  sent  to  all 
observers.  In  February,  1881,  destructive  floods  occurred  along  many 
of  the  rivers  of  the  country.  The  following  comments  on  these  floods 
in  the  Monthly  Weather  Review  are  interesting:  ^^It  becomes  neces- 
sary to  note  one  of  the  most  important  features  of  the  month,  and  in 
connection  therewith  to  consider  two  predominating  influences  in  the 
production  of  remarkably  serious  consequences  that  have  resulted  in 
a  vast  destruction  of  property,  the  counterpart  of  which  has  not  tran- 
spired in  some  sections  for  twenty  years*  These  two  causative  elements 
have  been  confined  to  different  periods  of  the  month  and  widely  sepa- 
rated portions  of  the  country.  The  first,  a  result  of  excessive  precipi- 
tation, was  experienced  throughout  the  Pacific  Coast  and  northern 
plateau  regions  and  along  the  west  Gulf  Coast  between  the  1st  and  6th; 
the  second,  due  to  continued  high  temperature,  the  maximum  of  the 
mouth,  operated  throughout  the  Ohio  Valley  and  the  Middle  States,  in 
northern  Ohio  and  Indiana,  from  the  10th  to  the  16th,  suddenly  releas- 
ing the  ice-bound  rivers  and  converting  the  huge  snowdrifts  into  tor- 
rents of  water."  Destructive  floods  continued  throughout  the  great 
central  valleys  and  the  Southern  States  during  March,  1881.  The 
Mississippi  River  rose  10  to  11  inches  above  the  danger  line  from 
Cairo  to  the  Gulf,  the  Ohio  continued  high,  and  the  Savannah  River 
at  Augusta  rose  to  32  feet  4  inches,  the  highest  point  since  1865.  The 
Jd ississippi  and  Missouri  rivers  maintain^  dangerous  heights  during 


16 

April.  The  Monthly  Weather  Eeview  contained  the  following  general 
reference  to  these  floods: 

^^This  snbject  assumes  more  than  usual  interest  daring  the  present 
month  (April),  because  of  the  unprecedented  loss  of  life  and  property, 
and,  not  least,  the  extreme  height  to  which  the  water  rose  daring  tbe 
prevalence  of  the  flood.  In  connection  herewith,  as  presenting  some 
of  the  probable  causes  which  were  at  work  in  the  production  of  this 
great  calamity  other  than  the  immediate  influence  of  the  breaking  up 
of  ice,  it  will  be  well  to  note  that  in  the  Northwest,  up  to  about  the 
12th,  snow  was  on  the  ground  to  a  depth  of  16  to  50  inches,  the  accu- 
mulation of  almost  the  entire  winter,  and  in  the  Upper  Mississippi 
Valley  as  far  south  as  Burlington,  Iowa,  it  varied  from  3  to  5  feet.  In 
this  connection  it  will  be  of  interest  to  recall  the  fact  that  during  the 
month  of  March,  just  past,  these  regions  were  subjected  to  the  heaviest 
snowstorms  experienced,  in  many  instances,  for  a  period  of  twenty-five 
years.  With  this  remarkable  accumulation  of  snow  there  appeared  the 
preserving  concomitant  of  very  low  temperatures,  for,  as  records  will 
show,  the  mean  temperature  for  March  throughout  the  Upper  Missis- 
sippi and  Missouri  valleys  was  1.4o  to  3.1o  below  the  normal,  a  very 
important  factor,  and  tending  materially  to  prevent  the  gradual  and 
therefore  harmless  disappearance  of  the  large  mass  of  snow.  Further, 
it  will  be  remembered  that  during  the  past  winter  ice  formed  in  the 
Western  rivers  to  a  thickness  and  extent,  in  several  instances,  never 
before  realized.  With  these  conditions  precedent  the  month  of  April 
opened  wnth  occasional  heavy  falls  of  snow  and  low  temjieratures,  the 
minimum  of  the  month,  which  ranged  from  —14  to  +18,  occurring 
between  the  1st  and  12th.  Following  this  the  temperature  rose  slowly 
until  the  20th,  after  which  the  change  was  more  rapid,  reaching  the 
maximum  of  the  month  between  the  22d  and  the  26th.  It  would  seem 
that  in  the  above  we  have  an  epitome  of  the  principal  forces  incident 
to  the  remarkable  floods  of  April,  1881.  Eoughly  estimated,  but,  never- 
theless, said  to  be  underrated  rather  than  exaggerated,  the  loss  in 
property  has  been  placed  in  money  value  at  the  following  figures :  Ovct 
the  territory  from  British  America  southward  to  the  latitude  of  Sioux 
City,  Iowa,  $3,500,000;  from  Sioux  City  to  the  latitude  of  St.  Louis, 
$2,500,000.'^  In  June,  1881,  heavy  rain  caused  destructive  floods  about 
the  head  waters  of  the  Ohio  Eiver. 

The  destructive  floods  in  the  Lower  Mississippi  Valley  of  the  spring 
of  1882  were  made  the  subject  of  Signal  Service  Kotos  No.  XV.  The 
data  upon  which  this  paper  was  based  were  obtained  through  forms 
containing  a  set  of  seventeen  questions  relative  to  the  floods  which, 
with  letters  of  transmittal,  were  widely  distributed  throughout  the 
flooded  districts.  Three  hundred  and  seventy-two  persons  filled  in  and 
returned  these  forms.  In  addition  to  the  data  so  obtained  the  records 
of  22  regular  Weather  Bureau  and  57  volunteer  river  observer^  and  16 
river  stations  in  the  Mississippi,  Missouri,  and  Ohio  valleys  were  used. 
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The  tables  prepared  showed  that  the  floods  of  1882  continued  longer 
and  were  of  greater  depth  than  those  of  any  year  since  1873.  In  look- 
ing into  the  causes  of  floods,  tables  were  prepared  which  indicated  the 
relation  between  the  floods  of  the  various  rivers  and  precipitation  in  the 
several  watersheds,  and  the  eflfect  of  melting  snow  upon  the  stages 
of  the  several  rivers.  The  various  conditions  which  appeared  to  favor 
and  cause  floods  were  also  summarized.  The  estimated  loss  of  life  in 
the  Mississippi  Valley  south  of  Cairo  during  this  flood  was  138  persons, 
and  the  loss  to  property  was  placed  at  $9,655,000. 

The  floods  of  1883  began  in  February,  and  caused  the  greatest  dam- 
age in  that  month  in  the  Ohio  Valley.  In  the  Lower  Mississippi  Valley 
the  river  did  not  attain  its  greatest  height  in  February,  although  the 
water  was  above  the  danger  line  as  far  south  as  Vicksburg.  The  flood 
continued  in  the  Lower  Mississippi  Valley  during  March,  and  although 
less  destructive  than  in  1882,  caused  loss  of  life  and  great  damage  to 
property,  especially  in  Arkansas. 

The  system  of  river  reports  was  greatly  extended  during  1884,  a 
special  appropriation  having  been  made  for  that  purpose.  The  floods 
of  J  884  began  in  the  Ohio  Valley  in  February,  when  the  river  reached 
the  highest  stages  on  record,  and  inundated  cities,  towns,  and  large 
areas  of  country,  causing  immense  loss  of  property.  The  Mississippi 
River  from  Cairo  to  the  Gulf  reached  a  higher  stage  than  in  February, 

1883.  Ample  and  timely  warnings  were  telegraphed  to  all  available 
points  throughout  the  Ohio  Valley,  and  the  resources  of  the  Bureau 
were  taxed  to  the  utmost  in  the  interests  of  the  flooded  districts.  The 
damage  caused  in  the  Ohio  Valley  by  this  flood  could  hardly  be  approx- 
imated. In  the  region  about  Cincinnati  alone  the  loss  to  property  was 
variously  estimated  at  $10,000,000  to  $25,000,000.  The  flood  continued 
in  the  Lower  Mississippi  Valley  during  March,  and  the  water  at  New 
Orleans  exceeded  by  1  inch  the  high  stages  of  1873  and  1883.  Destruc- 
tive floods  also  occurred  in  California  iu  that  month.    In  November, 

1884,  special  instructions  were  issued  for  the  guidance  of  river  observers 
in  erecting  gauges,  taking  observations,  rendering  reports,  etc.,  and  on 
January  1, 1885,  the  special  river  stations  were  arranged  in  sections 
and  placed  in  charge  of  Weather  Bureau  observers  at  section  centers. 
These  centers  were  usually  located  at  some  important  city,  where  the 
river  reports  in  the  vicinity  could  be  readily  collected  for  the  benefit  of 
the  river  interests.  Ou  that  date  the  measurement  of  the  depth  of 
water  was  changed  from  feet  and  inches  to  feet  and  tenths  of  a  foot. 
During  the  year  ending  June  30, 1885,  25  new  river  stations  were  estab- 
lished, giving  a  total  of  62  special  stations  in  addition  to  the  regular 
reporting  stations  of  the  Bureau.  The  special  study  which  had  been 
pursued  by  the  aid  of  the  excellent  and  growing  river  service  led  to  a 
determination  of  the  rate  of  travel  of  freshet  waves  in  rivers  furnished 
with  reporting  stations,  and  enabled  the  central  ofiice  to  issue  special 
bulletins  containing  timely  warnings  of  the  approach  of  dangerously 
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high  stages  of  the  water  in  the  several  rivers.  A  nnmber  of  cases  are 
cited  in  the  annual  reports  in  which  the  estimated  value  of  property 
actually  saved  by  these  warnings  aggregated  hundreds  of  thousands 
of  dollars. 

In  the  following  year  there  were  68  paid  special  river  stations  in  oper- 
ation, and  during  1887  this  number  was  maintained.  The  disastrous 
floods  which  had  occurred  during  the  preceding  few  years  prompted 
additional  and  careful  study  of  the  river-flood  problem.  This  study 
was  made  with  a  view  to  a  more  accurate  determination  of  the  extent 
and  continuance  of  great  floods  many  days  in  advance,  and  was  directed 
more  especially  to  the  condition  of  the  earth  when  heavy  rains  occurred, 
the  amount  of  rain,  and  the  average  loss  of  water  by.  evai)oration  and 
absorption.  With  a  view  of  improving  the  river  service,  all  the  im- 
portant river  gauges  were  visited  in  that  year,  their  zeros  carefully 
determined,  iand  every  precaution  taken  to  insure  the  greatest  possible 
accuracy  in  the  river  observations.  A  system  of  rainfall  stations  was 
also  arranged  from  July  1, 1887.  These  stations  were  carefully  located 
at  suitable  points  in  the  great  watersheds  of  the  country  neat  the 
sources  of  the  principal  tributaries  of  the  larger  rivers.  The  observers 
at  these  stations  were  paid  a  nominal  sum  daily  for  their  reports,  which 
were  mailed  weekly  to  designated  centers,  and  in  case  of  heavy  and 
excessive  rainfall  this  information  was  transmitted  by  telegraph  to  a 
designated  Weather  Bureau  station,  in  order  that  the  information  might 
be  promptly  used  for  the  preparation  and  distribution  of  such  warnings 
or  forecasts  as  the  judgment  of  the  observer  or  forecast  official  might 
dictate.  Owing  to  a  lack  of  fiinds,  the  river  reports  were  discontinued 
during  a  portion  of  1887.  When,  however,  the  stage  of  water  in  the 
Lower  Ohio  and  Mississippi  rivers  became  dangerous,  the  numerous 
and  urgent  requests  for  a  continuance  of  the  reports  made  manifest 
their  great  importance,  and  they  were  resumed  at  the  expense  of  other 
important  work  until  the  floods  subsided. 

Ko  marked  changes  were  made  in  the  system  of  river  observations 
during  1888.  The  principal  floods  of  the  year  were  noted  as  follows: 
In  May  a  destructive  flood  prevailed  in  the  Upper  Mississippi  Kiver, 
causing  great  loss  of  property  in  the  cities  and  towns  along  its  banks 
in  the  States  of  Minnesota,  Wisconsin,  Iowa,  Missouri,  and  Illinois. 
In  July  heavy  rain  caused  destructive  freshets  in  the  Upper  Ohio 
Eiver  and  tributaries,  and  in  streams  of  the  Alleghany  Mountain  dis- 
tricts. Durin  g  August  destructive  freshets,  due  to  heavy  rains,  occurred 
in  many  portions  of  the  Southern  States.  Floods  inundated  lowlands 
and  caused  great  damage  to  the  cotton  crop  in  the  south  Atlantic  and 
east  Gulf  States  in  August,  1888. 

On  June  1, 1889,  the  care  and  supervision  of  the  river  and  flood 
service  of  the  Bureau  was  intrusted  to  a  single  official.  Prior  to  that 
time  the  responsibility  for  the  maintenance  of  the  river  stations  and  the 
prediction  of  the  stages  of  the  water  was  divided  between  three  different 
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divisions.  At  that  time  observations  of  the  height  of  rivers  were  made 
at  70  places  on  26  rivers.  At  many  of  the  more  important  points  these 
observations  were  continued  throughout  the  year;  at  other  points  they 
were  made  weekly,  excepting  during  the  months  in  which  floods  were 
likely  to  occur,  when  the  stages  were  telegraphed  daily  to  ^^ashiugton 
and  te^  section  centers.  The  river  stations  were  supplemented  by  45 
rainfall  stations,  located  near  the  head  waters  of  the  more  important 
tributaries  of  the  great  rivers;  from  these  stations  rainfalhs  of  1  inch 
or  more  in  twenty-four  hours  were  telegraphed  to  section  centers.  On 
July  1, 1889,  the  time  of  making  the  river-stage  observations  was  chaivged 
from  2  p.  m.  to  8  a»  m.  This  change  was  made  in  order  that  the  observa- 
tions could  appear  in  the  afternoon  press;  by  the  former  method,  the 
reports  were  issued  too  late  for  the  evening  papers.  In  addition  to 
the  regular  8  a.  m.  observations,  readings  were  made  at  5  p.  m.  daily, 
for  the  benefit  of  the  morning  papers. 

In  the  latter  part  of  May  and  the  early  days  of  June  of  this  year  very 
destructive  floods  occurred  in  Pennsylvania,  Maryland,  western  Kew 
York,  and  West  Virginia.  In  connection  with  these  floods,  forecasts, 
based  upon  general  meteorological  conditions,  were  made  twelve  to 
twenty-four  hours  in  advance,  and  while  the  value  of  property  saved  by 
these  warnings  in  Washington  City  alone  was  far  greater  than  the 
annual  apj[>ropriation  for  the  entire  flood  service  of  the  country,  yet  had 
money  been  available  for  the  placing  and  maintenance  of  proper  gauges 
and  rainfall  stations  the  forecasts  could  have  been  made  with  greater 
exactness  and  been  the  means  of  saving  a  much  greater  amount  of 
property.  In  1889  the  State  of  South  Carolina  established  a  number 
of  river  stations  to  be  under  the  control  of  its  State  weather  service. 
Additional  investigations  were  carried  on  during  that  year  by  the 
Weather  Bureau,  which  considered  the  rainfall  over  the  entire  water- 
shed of  the  Mississippi  Biver  and  its  tributaries,  the  possible  evapora- 
tion^ the  amount  of  water  the  saturated  air  could  contain,  the  quantity 
of  water  which  is  held  in  the  soil  and  given  out  as  a  perennial  flow,  and 
that  which  drains  into  the  sea. 

In  the  spring  of  1890  the  Lower  Mississippi  Valley  was  visited  by 
one  of  the  mos(  disastrous  floods  ever  experienced  in  that  region,  and 
along  the  lower  course  of  the  river  the  water  rose  1  to  2  feet  higher 
than  the  highest  stages  previously  recorded.  Although  extended 
lengths  of  the  levees  had  been  recently  repaired,  strengthened,  and 
raised  under  the  direction  of  the  Mississippi  Eiver  Commission,  much 
of  the  newly  constructed  work  was  unable  to  withstand  the  long-con- 
tinned  pressure  and  wash  of  the  water,  and,  after  flood  conditions  had 
continued  nearly  a  month,  the  levees  began  to  give  way  at  many  points, 
flooding  the  country  for  a  distance  of  40  miles  back  from  the  river  in 
the  States  of  Missouri,  Arkansas,  Mississippi,  and  Louisiana*  Special 
riv^  bulletins  and  flood  warnings,  which  were  amply  confirmed  by  sub- 
sequent stages  of  the  water,  were  issued  from  Washington  in  advance 
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of  the  destructive  Hoods,  and  in  several  instances  far  in  advance  of  the 
Hood  crests. 

During  the  following  year  observations  of  river  stages  were  made  at 
27  regular  Weather  Bureau  stations  and  109  special  river  stations,  and 
these  were  supplemented  by  50  rainfall  stations.  Thirty-eight  river 
stations  were  established  during  the  year,  a  majority  being  located  in 
the  Southeastern  States  for  the  benefit  of  the  interests  along  the  Ala- 
bama, Coosa,  Tallapoosa,  and  other  rivers  in  that  section.  During  the 
Ohio  and  Mississippi  valleys  floods  of  the  early  part  of  the  year,  bulle- 
tins showing  the  daily  stages  and  changes  and  containing  definite  pre- 
dictions for  several  days  in  advance  were  widely  distributed  throughout 
the  sections  interested.  A  report  was  also  issued,  entitled  "Practical 
rules  for  the  prediction  of  flood  stages  of  rivers  in  the  United  States." 
The  publication  of  the  stages  of  the  principal  rivers  of  the  United 
States,  previously  begun,  was  continued,  and  three  parts  of  this  com- 
pilation were  comj)leted,  i.  e. : 

"I.  Stages  of  the  Ohio  River  and  its  principal  tributaries,  1858  to 
1889,  inclusive."  "II.  Stages  of  the  Mississippi  River  and  its  principal 
tributaries,  except  the  Ohio  River,  1860  to  1889."  "III.  Stages  of  mis- 
cellaneous river  stations  in  California,  Oregon,  North  Carolina,"  etc. 
These  volumes  show  all  the  river  stages  observed  by  the  Weather 
Bureau  up  to  January  1, 1890,  except  for  places  where  the  stages  had 
already  been  printed  by  the  Mississippi  River  Commission. 

In  1892  8  a.  m.  river  observations  were  made  daily  at  191  stations; 
at  a  number  of  these  stations,  however,  the  readings  were  taken  only 
during  the  mouths  in  which  high  water  was  likely  to  occur.  Records 
of  these  stages  were  preserved  and  printed  by  the  Weather  Bureau, 
and  records  of  stages  taken  at  other  points  on  the  principal  rivers  were 
printed  by  the  Mississippi  and  Missouri  River  Commissions.  The 
Annual  Report  of  the  Chief  of  the  Weather  Bureau  for  1891-92  con- 
tains tables  giving  the  following  classes  of  data  relating  to  the  navi- 
gable rivers  of  the  country : 

Table  I  gives  the  river  discharge,  or  quantity  of  water  passing  a 
place  in  cubic  feet  per  second,  at  high  and  low  water  at  a  few  places 
for  which  the  amount  has  been  determined. 

Table  II  gives  some  of  the  i)rincipal  information  in  regard  to  the 
Weather  Bureau  stations,  as  follows:  (1)  River  station  and  river  on 
which  situated;  (2)  year  of  beginning  of  observation;  (3)  number  of 
years  of  observation;  (4)  drainage  area  above  place  in  square  miles; 
(5)  height  of  zero  of  gauge  in  feet  above  sea  level;  (6)  height  of  flood 
line  above  zeraof  gauge  in  feet;  (7)  average  number  of  days  annually 
above  flood  lino;  (8)  greatest  number  of  days  above  flood  line  in  a 
year  and  the  year;  (9)  highest  water  and  date;  (10)  average  of 
annual  highest  waters;  (11)  average  number  of  days  annually  above 
average  highest  water;  (12)  average  date  of  highest  water;  (13)  low- 
est water;  (14)  average  of  annual  lowest  waters;  (15)  average  num- 
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ber  of  days  annually  below  average  lowest  water;  (16)  greatest  namber 
of  days  below  average  lowest  water,  and  the  year;  (17)  average  date 
of  lowest  water. 

Table  III  contains  mean  stages  of  rivers  for  montlis,  years,  and  for 
five  and  t^n  year  periods  at  places  where  there  was  a  suflRcieutly  long 
record.  Plates  were  also  published- giving  the  curves  of  river  stages, 
or  composite  hydrographs,  at  a  number  of  places  tor  which  there  were 
long  records. 

No  further  marked  changes  were  made  in  the  system  of  river  obser- 
vations and  forecasts  until  July  1, 1893,  when  the  immediate  supervision 
of  the  river  service  and  the  predicting  of  river  changes  for  their  sev- 
eral districts  was  delegated  to  the  various  local  forecast  officials  of  the 
Bureau.  This  duty  has  been  satisfactorily  performed  by  these  officials 
since  that  date,  under  the  general  supervision  of  the  central  office  at 
Washington, 

In  order  to  determine  the  value  of  the  work  of  the  river  and  flood 
service  in  the  various  sections  of  the  country  during  the  last  two  years, 
a  circular  letter  was  addressed  to  certain  observers  of  the  Weather 
Bureau,  directing  them  to  forward  to  this  office  within  a  week  a  brief 
statement  showing  the  particular  interests  in  their  communities  most 
affected  by  river  conditions.  Also  an  estimate  of  the  value  of  the 
warnings  of  floods  and  high  water,  and  all  instances  within  the  past 
two  years  where  the  success  of  the  warnings  has  been  marked. 

VALUE  OF  THE  RIVER  AND  FLOOD  SERVICE. 

The  following  reports  were  rendered  in  response  to  the  foregoing 
directions : 

ATLANTA,  GA. 

There  are  no  interests  whatever  in  this  community  affected  by  river  conditions, 
the  nearest  stream,  the  Chattahoochee,  being  8  miles  distant.  At  Rome,  in  the 
northwest  portion  of  the  State,  every  business  interest  in  the  city  is  vitally  affected 
by  the  rivers.  Occupying  a  narrow,  V-shaped  peninsula  between  and  Just  at  the 
point  of  intersection  of  the  Oostenaula  and  Etowah  rivers,  two  streams  that  flow 
with  remarkable  rapidity  from  their  mountain  sources,  it  is  so  dangerously  situated, 
that  it  appears  incredible  that  a  city  should  have  been  built  at  such  a  place.  '  Rains 
lasting  two  or  three  days,  and  aggregating  from  5  to  7  inches,  at  Rome  and  at  points 
above  on  the  Oostenaula  and  Etowah,  will  send  the  Coosa  River  at  Rome  from  the 
zero  of  the  gauge  to  above  the  danger  line  within  forty  hours  or  less  time;  and  as 
there  is  not  a  house  in  the  city  used  for  business  purposes  that  has  not  been  ilooded 
from  1  to  15  feet,  it  is  no  exaggeration  to  say  that  the  value  of  reliable  Hood  warn- 
ings is  incalculable,  all  merchants  being  constantly  prepared  at  short  notice  to  move 
their  wares  and  other  property  to  the  upper  stories  of  their  buildings.  The  cost  of 
such  moves  is,  however,  considerable,  not  to  mention  the  damage  by  handling,  break- 
age, etc. ;  consequently  the  next  most  injurious  thing  to  the  Hood  itself  is  the  false 
warning  of  one.  Recently,  while  in  Rome  for  the  purpose  of  getting  a  better  idea 
of  the  river  conditions  there,  leading  citizens  informed  me  that  should  a  Hood  come 
suddenly  and  without  warning  upon  them,  the  loss  would  exceed  $1,000,000  and 
probably  amount  to  as  much  as  $2,000,000.  Though  there  has  been  much  uneasiness 
at  times,  the  water  has  not  reached  the  danger  line  at  Rome  during  the  past  two 
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years.  The  last  floods  occurred  in  Janaary  and  April,  1892,  previons  to  both  of 
which  timely  warnings  averted  great  loss  to  merchants,  manufacturers,  and  other 
business  interests.  Above  Rome,  on  both  the  Oostenaula  and  Etowah,  farming  lands 
are  often  badly  washed  just  before  planting  time,  after  all  preparations  have  been 
completed  for  a  new  crop,  but  as  the  most  disastrous  floods  occur  during  the  late 
winter  and  early  spring,  the  damage  to  growing  crops  is  not  often  very  g^eat.  I 
should  also  mention  that  the  railroads  entering  Rome  sufler  great  damage  by  wash- 
ing of  embankments,  etc. 

Along  the  streams  south  of  this  station,  the  Chattahoochee,  Flint,  Ocmulgee, 
Oconee,  and  Altamaha,  the  interests  affected  by  river  conditions  are  largely  of  an 
agricultural  character,  though  unusually  high  waters  occasionally  prevent  steam- 
boats from  passing  under  bridges  on  the  Chattahoochee,  and  also  interrupt  milling 
operations  on  the  same  stream.  Should  freshets  occur  about  harvest  time  warnings 
would  enable  farmers  to  save  at  least  a  portion  of  their  crops,  but  occurring  at 
other  times  the  only  benefit  they  derive  is  in  saWng  their  live  stock  by  driving  them 
to  safe  places.  There  are  lumbermen  and  sawmill  owners  on  all  these  rivers  who  are 
greatly  benefite<l  at  all  seasons  by  the  warnings,  but  to  what  extent  it  is  impossible 
to  estimate.  The  only  warnings  ever  sent  from  this  office,  so  far  as  the  records  show, 
were  those  I  issued  on  the  14th  and  15th  of  last  March,  and  another  issued  from  your 
office  on  March  20.  River  observers  on  the  Chattahoochee,  Flint,  Ocmulgee,  and 
Oconee  rivers  all  write  that  those  warnings  enabled  farmers  to  save  live  stock  that 
otherwise  would  have  perished.  At  Macon,  on  the  Ocmulgee  River,  the  warnings 
were  published  in  the  papers,  and  caused  a  number  of  families  to  move  from  the 
bottom  lauds  near  that  city,  which  were  soon  after  their  departure  under  several 
feet  of  water.  (I  sent  a  telegram  to  Macon  the  morning  of  March  16,  notifying 
them  that  the  river  would  reach  the  danger  line  by  the  morning  of  the  17th.) 

AUGUSTA.  GA.  • 

For  a  distance  of  about  20  miles  below  the  city  a  number  of  farms  are  in  operation 
in  the  river  bottom  which  produce  chiefly  corn  and  hay,  and  the  yield  of  both  in 
favorable  seasons,  from  April  to  November,  is  very  large,  provided  the  riv^  stage 
does  not  pass  beyond  22  or  23  feet.  The  river  warnings  are  communicated  at  once 
to  the  owners  of  these  farms,  and  also  to  the  superintendent  of  the  Port  Royal  and 
Augusta  Railroad,  whose  tracks  follow  close  to  tlie  river  on  the  Carolina  side  for  a 
distance  of  about  60  miles.  This  road,  through  its  telegraph  and  train  service,  will- 
ingly and  promptly  sends  the  warnings  out,  and  has  implicit  confidence  in  the  rfver 
service  of  the  station.  Very  little  trouble  was  experienced  from  high  water  in  1893. 
On  October  9,  1894,  a  river  warning  was  issued  at  11  a.  m.,  when  the  gauge  measure- 
ment was  6.2  feet,  stating  that  the  water  would  reach  30  feet;  on  the  night  of  the 
following  day  it  had  reached  its  highest  point,  28  feet.  The  estimated  value  of  com 
and  hay  saved  by  this  warning  was  $1,100.  On  December  12,  18i)4,  at  10  a.  m.,  a 
prediction  was  made  that  the  river,  which  then  stood  at  10.1  feet,  would  go  to  26  feet 
on  the  following  day.  The  height  of  this  rise  was  26.3  feet,  but  as  all  crops  had 
been  gathered,  no  special  harm  was  done,  and  the  benefit  was  confined  to  those  who 
drove  their  stock  to  the  high  grounds.  On  January  9,  1895,  at  10  a.  m.,  a  special 
notice  was  sent  advising  the  community  of  a  30-foot  river  stage  within  the  ensuing 
thirty-six  hours,  the  stage  at  that  time  being  11.9  feet.  The  city  engineer  had  all 
sewer  gates  opening  into  the  river  closed,  in  order  to  prevent  them  from  bnrsting 
when  the  high  water  should  arrive,  and  large  droves  of  hogs  which  were  being 
wintered  in  the  bottom  lands  were  removed  to  safer  grounds  without  loss.    The 

height  of  this  rise  was  30.4  feet. 

CAIRO,  iix. 

To  enumerate  the  interests  affected  by  river  conditions  in  this  vicinity  would  be  to 
name  every  branch  of  business  and  industry  carried  on  here  and  along  the  rivers. 
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Those  most  directly  injured  by  floods  and  extreme  low  water  are,  first,  the  farmers, 
and,  second,  the  steamboat  and  river  transportation  interests.  As  the  river  approaches 
the  high' water  mark,  against  all  stages  below  which  most  of  the  towns  and  cities 
are  now  protected  by  levees,  the  anxiety  and  fear  of  financial  loss  increase,  and  the 
interest  manifested  in  obtaining  river  news  becomes  intense  in  all  classes,  both  in 
the  country  and  city  districts.  Jt  may  be  said  that  whatever  conditions  affect  the 
steamboat  or  river  transportation  interests  at  any  season  of  the  year  affect  also,  to 
a  greater  or  less  deg^ree,  the  interests  of  producers,  shippers,  manufacturers,  and 
dealers.  Steamboat  traffic  is  carried  on  below  CaiTo  throughout  the  year,  but  the 
logging  interests  on  its  tributaries,  the  Obion,  Forked  Deer,  and  Hatchie  Rivers,  and 
the  several  bayous  and  creeks,  are  dependent  upon  stages  of  25  feet  and  above  on 
the  Cairo  gauge  for  the  floating  of  their  stock.  Consequently  all  labor  interests  are 
favorably  affected  by  rises  when  the  stage  is  between  25  feet  and  the  danger  line. 

The  issue  of  the  daily  river  forecasts  at  this  station  for  the  Ohio  Hiver  from  Evans- 
ville  to  Cairo,  and  for  the  Mississippi  River  from  below  St.  Louis  to  Memphis,  began 
November  16, 1893.  Since  that  date  the  highest  water  has  been  d7  feet,  or  3  feet 
below  the  danger  line. 

CHARLESTON,   S.   C.  ^ 

Sudden  and  unheralded  rises  in  the  streams  of  this  section  cause  great  loss  of  live 
stock  in  the  lowlands.  The  warnings  of  the  Bureau  have  been  the  means  of  saving 
much  stock.  Steamboat  men  utilize  the  reports  from  the  upper  streams  in  forming 
opinions  as  to  the  available  depth  of  water  for  navigation  purposes,  and  the  South 
Carolina  Steamboat  Company  has  frequently  acknowledged  its  indebtedness  to  the 
Bureau  for  valuable  information  concerning  the  stage  of  water  in  the  rivers  of  the 
State.  The  Santee,  Great  Pedee,  and  Waccamaw  Steamboat  and  Transportation 
companies  are  also  greatly  interested  in  navigation  on  the  Santee^  Black,  Great 
Pedee,  Little  Pedee,  Wateree,  Congaree,  and  Waccamaw  rivers.  Immense  quantities 
of  tar,  rosin,  turpentine,  lumber,  cotton,  rice,  and  other  commodities  are  transported 
over  these  streams  annually,  and  it  frequently  happens  that  an  entire  month's  output 
of  tar,  rosin,  turpentine,  and  lumber  must  be  removed  within  a  short  period  in  order 
to  take  advantage  of  a  rise  sufficient  to  transport  these  goods  by  water.  These  rises 
appear,  usually,  in  the  upper  streams  several  days  in  advance,  and  the  Bureau  reports 
give  considerable  time  in  which  to  prepare  for  the  rise.  It  is  estimated  that  $35,000 
has  been  saved  to  the  steamboat  men  alone  by  these  reports,  and  in  August,  189S,  one 
timely  warning  saved  property  valued  at  more  than  $6,000 />n  the  Santee  River.  The 
Sea  Island  cotton  interests  suffer  considerably  from  high  water  and  storm  tides. 
This  particular  growth  of  cotton  is  raised  to  some  extent  along  streams  close  to  the 
ocean.  When  flooded,  it  loses  its  flexibility,  the  staple  becomes  yellow,  and  the  plant 
soon  dies.  The  cutting  and  rafting  of  lumber  and  logs  is  one  of  the  important 
industries,  and  high  stages  of  water  are  necessary  to  float  this  material  to  the  saw- 
mills; and  during  the  periods  of  high  water  in  August,  September,  and  October,  1894, 
mill  men  were  enabled  to  float  large  quantities  of  logs  and  cut  timber  by  the  aid  of 
the  warnings  and  forecasts  of  the  Bureau.  One  lumber  firm  estimates  that  the  river 
reports  provide  the  means  of  saving  them  $10,000  a  year.  The  officers  of  the  United 
States  Engineer  Corps  state  that  they  are  greatly  aided  in  their  dredging  operations 
in  the  various  streams  of  the  State  by  the  reports  and  forecasts  of  the  Bureau. 

The  flood  and  storm-tide  warnings  of  August  27, 1893,  saved  property  to  the  amount 
of  $350,000  along  the  South  Carolina  coast.  The  warning  of  heavy  rains,  floods,  and 
unusually  high  tides  sent  out  September  25, 1894,  resulted  in  the  saving  of  an  immense 
amount  of  property.  In  the  storm  of  October  9, 1894,  a  majority  of  the  rice  planters 
saved  10  per  cent  of  their  stacked  rice  from  the  storm  tides,  the  estimated  value  of 
the  rioe  saved  by  the  warnii^gs  being  $65,000.  The  daily  telegraphed  stages  of  the 
water,  especially  the  report  from  Augusta,  are  of  great  value  to  rice  growers. 
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CHATTANOOGA,   TENN. 

The  interests  most  affected  by  the  oonditions  of  the  Tennessee  River  are  those  con- 
nected with  steamboat  and  lumber  interests.  No  dangerous  stages  of  water  have 
occurred  during  the  last  two  yensirs.  The  high  water  of  previous  years  caused  a  great 
demand  for  the  river  and  flood  reports  and  forecasts.  Lumber  and  logging  interests 
are  affected  by  the  varying  stages  of  the  water,  and,  together  with  other  river  indus- 
tries, derive  great  and  constant  benefit  firom  the  river  stage  reports  and  the  forecasts. 
If  this  service  were  abandoned  b}*  the  Government  it  would  have  to  be  continued,  at 
heavy  expense,  by  the  community.  The  value  of  the  interests  pn  the  Tennessee  River 
at  Chattanooga,  and  on  the  various  tributaries  which  are  directly  affected  by  the 
river  conditions,  exceeds  $900,000. 

CINCINNATI,   OHIO. 

The  particular  interests  in  this  community  most  affected  by  river  conditions  are 
those  of  the  steamboat  and  barge  men,  the  coal  dealers,  the  railroads,  the  merchants 
on  the  lower  levels,  and  the  gardeners  in  valleys  in  and  adjacent  to  the  city. 

No  estimate  of  the  value  of  the  warnings  of  floods  and  high  water,  in  dollars  and 
cents,  can  be  given,  as  no  data  can  be  obtained.  Excepting  tli<^  frozen  river  during 
the  past  winter,  the  breaking  lip  of  which  was  a  great  standing  menace,  no  special 
danger  in  connection  with  the  river  was  encountered  in  the  past  few  years.  In  this 
case  the  river  opened  so  gradually  and  quietly,  by  reason  of  the  favorable  weather, 
that  comparatively  little  loss  was  experienced.  I  can  find  no  statistics  of  any  savings 
or  loss  by  high  waters  within  the  past  few  years.  The  river  service  is  deemed  invalu- 
able, and  all  interested  are  on  the  alert,  so  that  all  danger  of  damage  from  rising 
waters  is  averted  by  reason  of  the  timely  warnings  and  the  facilities  for  guarding 
against  impending  danger.  It  is  freely  a<lniitted  that  no  money  would  be  a  recom- 
pense for  the  deprivation  of  the  Government  reports  of  rivers  and  rainfall. 

COLUMBIA,   s.   c. 

The  Congaree  River  is  formed  by  the  confluence  of  the  Broad  and  Saluda  rivers  at 
Columbia.  These  streams  have  a  drainage  area  of  about  8,000  square  miles  in  South 
Carolina.  The  topography  of  the  section  drained  is  broken  and  hilly,  the  slopes  of- 
the  hills  are  steep  and  denuded  of  their  original  covering  of  forest  growth,  and  rain- 
fall is  quickly  collected  and  drained  into  the  rivers,  causing  rapid  rises  even  with  a 
moderate  rain.  The  valleys  of  the  rivers  above  Columbia  have  very  little  agricul- 
tural or  other  value.  Below  Columbia  the  valley  of  the  Congaree  widens  rapidly, 
and  includes  many  thousands  of  acres  of  exceedingly  fertile  land  on  which  valuable 
crops  are  subject  to  the  overflow  of  the  Congaree.  The  principal  crops  are  hay, 
corn,  oats,  and  cotton,  and  the  land  not  under  cultivation  affords  pasturage  for  stock. 
Since  ISQO  the  Congaree  has  risen  to  or  above  the  danger  line  four  times,  and  in  each 
case  the  crops  were  greatly  damaged  or  completely  destroyed.  It  has  been  exceed- 
ingly difficult  to  get  defiuite  information  regarding  the  value  of  the  crops  lost,  for 
the  reason  that  owners  of  land  in  the  valley  refuse  to  discuss  the  subject, 
believing  that  to  do  so  would  tend  to  depreciate  the  value  of  the  land,  or  rather 
affect  its  market  value.  There  has  been  no  attempt  made  to  predict  floods  for  the 
Congaree  Valley,  and  the  value  of  the  warnings,  if  issued,  would  be  questionable, 
owing  to  the  nature  of  the  interests  affected,  for  it  would  be  obviously  impossible  to 
remove  growing  crops,  or  to  gather  ripe  crops,  after  the  danger  became  imminent. 
Stock  on  lowlands  could,  however,  be  removed  to  places  of  safety.  Careful  inquiiy 
has  failed  to  discover  that  there  has  ever  been  any  serious  loss  of  live  stock  by  a 
sadden  rise  or  overflow  of  the  Congaree.  The  lower  valley  is  principally  heavily 
wooded  swamp  laud,  and  warnings  to  that  part  of  the  valley  would  be  usetnl  to 
lumbering  interests.  The  subject  of  warnings  of  floods  for  the  Congaree  Valley  has 
been  a  matter  for  discussion  among  landowners  in  the  valley  and  this  ofllce  ior  the 
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past  year,  the  object  being  to  deyise  some  quick,  snre,  and  cheap  method  of  warn- 
ings that  would  reach  the  majority  of  interested  people,  but  as  yet  no  plan  has  been 
proposed  that  is  considered  at  all  practicable  op  feasible. 

DAVKNPORT,   IOWA. 

The  interests  most  affected  by  the  river  conditions  of  the  Upper  Mississippi  River 
and  tributaries  in  the  Davenport  districtare  the  Upper  Mississippi  improvement  under 
the  direction  and  charge  of  the  United  States  engineers,  steamboatiug,  general  navi- 
gation, rafting,  and  logging;  and,  in  case  of  very  high  water,  farmers  cultivating 
lands  on  islands  and  low  bottoms,  and  city  wharfage  and  levees.  During  the  sum- 
mer and  fall  months  the  United  States  engineers  are  carrying  on  works  and  improve- 
ments in  the  river  to  the  amount  of  a  million  of  dollars  or  more,  and  reports  of  river 
stages  and  warnings  of  any  sudden  rise  in  the  river  are  of  immense  value  to  them  In 
successfully  conducting  operations.  One  or  two  instances  occurred  during  the  past 
season,  when  the  warnings  no  doubt  saved  several  thousand  dollars'  damage  in  this 
direction  alone.  There  have  been  no  very  dangerous  floods  or  high  waters  in  the 
Upper  Mississippi  during  the  last  two  years.  The  river  has  reached  the  danger  line 
at  two  stations  only  in  the  Davenport  district  since  the  station  was  established  as 
a  center.  These  were  at  La  Crosse  and  Dubuque  in  May,  1894.  Timely  warnings 
were  telegraphed  on  both  occasions  one  to  two  days  in  advance  of  the  predicted 
stage,  and  were  accurately  "verified  in  each  instance.  Rafting  companies  claim  that 
the  river  reports  and  warnings  last  spring  were  worth  $10,000  to  $20,000  to  them,  and 
that  all  predicted  rises  during  navigation  and  log-rafting  season,  even  though  the 
rise  is  small  when  the  river  is  low,  are  of  vast  importance  and  value. 

FOBT  SMITH,   ARK. 

Fanners,  stock  raisers,  lumbermen,  and  steamboat  men  are  affected  by  the  river 
conditions.  There.is  no  recent  data  on  record  whereby  the  value  of  property  saved 
by  flood  warnings  in  the  last  two  years  can  be  estimated.  From  inquiries  instituted 
by  the  observer  there  is  found  to  be  a  consensus  of  opinion  that  the  warnings  have 
been  of  great  public  benefit.  Extensive  landowners  and  cultivators  along  the  river 
bottoms  in  the  Cherokee  Nation  have  been  greatly  benefited  by  the  warnings.  Since 
May,  1893,  there  has  been  no  damage  by  flood  in  this  section,  nor  water  high  enough 
to  warrant  any  special  or  general  warnings.  All  parties  interested  agree  as  to  the 
great  advantage  of  being  notified  of  dangerous  and  rapid  rises  in  the  river. 

HANNIBAL,  HO. 

No  flood  warnings  have  been  received  since  the  establishment  of  this  station.  The 
agricultural  interests  are  the  principal  ones  affected  by  flood  in  this  section.  Across 
the  river  from  Hannibal  there  are  over  110  acres  of  cultivated  land  protected  by  a 
levee  which  will  stand  a  stage  of  21  feet,  and  warnings  of  a  rise  above  that  point 
would  be  of  great  value.  On  the  west  side  of  the  Mississippi,  conmiencing  about  3 
miles  above  Hannibal  and  extending  20  miles  along  the  river  to  Lagrange,  is  a  tract 
of  fine  farmmi^  land  unprotected  by  levee  which  will  stand  a  13-foot  stage  of  water 
without  inundation.  If  warnings  of  a  rise  above  that  stage  could  be  given  a  few 
daya  in  advance  they  would  be  of  great  value  to  the  farmers. 

HARRISBUR6,  PA. 

Ordinary  rises  in  the  Susquehanna^  particularly  on  the  west  and  north  branches, 
are  useful  in  floating  logs  and  timber.  When  excessive  floods  are  expected  the  lum- 
bermen can  hold  their  logs  in  the  upper  streams  and  avoid  the  risk  of  losing  them 
in  the  main  river.  In  the  case  of  severe  floods  all  interests  in  the  submerged  por- 
tions of  the  valleys  would  profit  by  the  warnings.  Owing  to  the  heavy  losses  caused 
by  the  flood  of  1889  great  care  must  be  observed  in  making  flood  warnings  and  fore- 
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oMts,  M  great  expense  would  attend  the  moving  of  goods  and  property  whioli  eodi 
a  forecast  would  eanae.  Railrcmds,  as  well  as  the  lumber,  commercial,  and  agricnl- 
taral  interests,  would  also  profit  jp^eatly  by  Hood  warnings,  as  it  would  enable  them 
to  remove  cars  containing  valuable  freight  to  safe  places,  load  bridges,  etc.  Accu- 
rate forecasts  of  coming  stages  would  dictate  the  action  necessary  to  protect  their 
property.  Several  of  the  towns  idong  the  two  b'ranches  have  been  considering  the 
plan  of  protecting  themselves  f^om  inundation  by  the  construction  of  dikes.  Sun- 
bury  built  a  dike  last  summer,  which  is  2  feet  above  the  highest  flood.  If  this  dike 
is  ever  overflowed  they  will  be  worse  off  than  before,  so  a  timely  warning  would 
be  of  great  value  in  that  locality.  If  the  forecast  was  for  a  height  but  a  little  higher 
than  this  dike,  it  would  be  quite  possible  to  raise  it  enough  in  twelve  hours  to  pro- 
tect the  town.  In  1889  the  river  service  had  not  been  organized  on  its  present  basis, 
and  I  feel  confident  if  warnings  had  been  then  issued  along  the  west  branch  of  the 
Susquehanna  for  a  flood  5  to  7  feet  higher  than  that  of  1865  hundreds  of  thousands 
of  dollars  would  have  been  saved.  I  also  believe  that  if  careful  observations  are 
taken  of  the  effect  of  rainfall  on  the  river  for  the  next  four  or  five  years  floods  can 
be  predicted  within  a  foot ;  and  with  that  end  in  view  the  Pennsylvania  Railroad 
will  soon  have  completed  several  river  gauges  along  the  Juniata  River,  where  they 
have  also  promised  to  have  rain  gauges  placed  (these  to  be  furnished  by  this  Bureau), 
and  their  employees  will  take  observations  and  make  reports  to  this  office  without 
expense  to  this  Department.  The  Northern  C^itral  has  also  promise<l  to  cooperate 
along  the  two  branches,  and  I  am  now  waiting  for  them  to  designate  the  points 
where  rain  gauges  can  be  placed.  There  are  many  conditions  that  enter  into  the 
problem  in  the  lower  districts — the  season  of  the  year,  whether  the  crops  are  in  the 
ground  and  the  trees  in  foliage,  the  'ground  frozen  or  soft,  covered  with  snow  or 
bare,  the  depth  of  snow,  and  temperature. 

During  th6  flood  of  May  21  and  22,  1894,  warnings  were  sent  in  every  direction  by 
telephone  and  railroad  telegraph.  This  information  was  sent  out  the  night  of  the 
20th  of  May  and  early  the  morning  of  the  2l8t.  The  river  reached  its  highest  point, 
25  feet  9  inches — within  14  inches  of  the  flood  of  1889 — at  6  a.  m.  of  the  22d  flooding 
cellars  and  destroying  all  truck  crops  on  the  many  islands  in  the  river,  and  causing 
a  few  washouts  on  the  railroads.  Estimate  of  property  and  live  stock  saved  by  the 
warnings,  $60,000  to  $70,000. 

HELENA,   ARK. 

I  have  recommended  to  the  Department  that  the  discharge  of  the  tributaries  or 
main  rivers  should  be  measured,  so  that  an  approximate  could  be  made  of  the  dis- 
charge at  every  stage,  and  by  noticing  the  effect  at  Cairo  and  below  we  could  soon 
tell  some  days  in  advance  the  probable  effect  of  every  rise.  This  measurement  would 
not  have  to  be  made  every  year ;  but  once  or  twice  would  give  the  discharge,  say 
for  each  foot  on  the  gauge.  To  illustrate :  the  Missouri  River  might  be  gauged  or 
marked  at  Kansas  City,  the  Ohio  at  I^uisville,  the  Cumberland  at  Nashville,  the 
Tennessee  at  Chattanooga,  and  the  Mississippi  at  St.  Ijonis.  Minor  streams  like  the 
Wabash  could  be  gauged  also.  The  measurements  need  not  be  at  the  points  deeig- 
natod,  but  at  such  points  as  they  could  be  done  mo^t  accurately,  owing  to  the 
conditions  of  the  banks,  etc.  With  all  this  knowledge,  great  experience  and  knowl- 
edge of  other  conditions  would  be  required  to  make  the  proper  forecasts.  A  sudden 
or  a  slow  rise  would '  have  to  be  considered ;  also  the  condition  and  extent  of  the 
levees.  It  requires  twelve  to  seventeen  days  for  a  rise  to  reach  Helena  from  Cairo, 
with  the  St.  Francis  swamp  not  leveed.  A  levee  is  being  built  which,  when  com- 
pleted, will  bring  the  rise  from  Cairo  to  Helena  in  less  than  four  days.  This  levee 
is  partially  constructed,  and  I  can  not  tell  what  effect  it  will  have  on  the  rise  here, 
but  will  have  to  wait  and  see.  According  to  my  notion,  this  levee  will  raise  the 
water  along  the  St.  Francis  point  from  but  little  at  Point  Pleasant,  Mo.  (the  head 
of  the  levee),  up  to  8  to  12  feet  at  Memphis.    As  this  levee  is  being  built  only  3  to  4 
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feet  above  the  present  high- water  mark,  it  will  take  eeveral  high  waters  before  it 
will  be  built  to  that  height,  and  it  may  be  abandoned  as  impracticable  before  that 
time.  As  to  the  effect  at  Helena  and  below,  it  would  be  but  little,  under  cetiiaia  oir- 
oamstances,  except  to  bring  the  river  to  the  highest  point  in  four  days  instead  of 
seventeen.  It  would  make  a  great  difference  at  Helena  should  there  be  a  sudden  rise 
and  fall  at  Cairo,  or  whether  the  rise  was  slow  and  the  river  stood  at  or  near  the  high- 
est point  and  then  fell  rapidly.  With  the  levee  completed,  it  would  make  but  little 
difference,  as  the  whole  volume  of  water  would  be  forced  down  the  channel,  instead 
of  losing  an  immense  amount  in  filling  the  reservoir  of  the  St.  Francis  swamp. 

KANSAS  CITY,  MO. 

There  are  no  interests  of  note  affected  by  the  river  conditions  until  the  river 
reaches  the  danger  line.  This  stage  has  been  reached  but  five  times  since  1873 — the 
period  covered  by  the  records  of  this  office.  When  the  stage  of  water  is  near  the 
danger  line  tUere  is,  of  course,  more  or  less  apprehension  lest  it  should  continue  to 
rise.  There  is  no  navigation  on  the  river  at  this  place.  The  interests  affected  by 
floods  are  in  the  village  of  Harlem,  just  opposite  this  city,  some  implement  and 
wholesale  houses,  the  packing  houses  in  the  west  botton^,  and  the  probable  washing 
away  of  railroad  tracks  on  the  river  bank. 

No  river  warnings  were  furnished  this  station  previous  to  last  summer,  when  the 
official  at  Omaha  sent  them  for  a  month  or  so  while  the  water  was  within  a  foot  or 
two  of  the  danger  line.  Previous  to  that  time  local  forecasts  were  made  and  given  to 
the  public  from  day  to  day  when  the  river  approached  a  dangerous  stage.  It  is 
impossible  to  place  a  money  estimate  upon  the  benefits  that  may  have  been  derived 
from  the  warnings.  The  parties  interested  took  precautionary  measures  against 
encroachment  by  the  rising  waters,  but  just  what  would  have  been  the  result  had 
no  forecasts  been  made  public  is  of  too  doubtful  a  character  for  an  estimate.  No 
special  benefits  have  been  derived  from  warnings  during  the  last  two  years.  Some 
of  the  packing  houses  have  asked  for  an  opinion  regarding  the  probable  outlook  for 
the  season  of  high  water,  but  it  is  not  known  to  what  extent  they  builded  upon  the 
information  received. 

KROKUK.  lawA. 

The  river  conditions  are  locally  of  most  importance  to  lumbermen  and  lumber 
dealers,  as  Keokuk  is  the  distributing  point  for  lumber  for  a  large  territory  lying  in 
Iowa,  Missouri,  and  Illinois.  Lumber  is  brought  by  river  from  the  northern  piner- 
ies and  sawmills  by  steamboats  iu  large  rafts,  either  of  logs  or  sawed  lumber,  each 
raft  containing. several  million  feet.  The  time  required  to  make  a  run  with  a  raft 
depends  upon  the  stage  of  the  water,  as  iu  higher  water  shorter  channels  can  be  run, 
and  much  time  can  be  saved  by  running  the  Des  Moines  Kapids  instead  of  the  slow 
process  of  locking  through  the  Des  Moines  Canal,  and  the  cost  of  delivering  a  raft 
is  lessened  or  increased  according  to  the  stage  of  the  water.  All  persons  interested  in 
steamboating  are  benefited  by  the  river  bulletins,  and  all  boats  landing  at  this  point, 
as  a  rule,  consult  the  bulletins  which  are  displayed  at>  the  regular  landings,  and  in 
some  cases  when  boats  have  not  landed  they  have  sent  a  yawl  ashore  for  the  pur- 
pose of  consulting  the  bulletin.  Farmers  on  the  bottom  lands  lying  in  Illinois  and 
Missouri  south  of  the  mouth  of  the  Des  Moines  River  are  interested  in  times  of 
threatened  high  water,  and  reports  reach  those  sections  at  Warsaw,  111.,  Alexandria, 
Lagrange,  and  Canton,  Mo.,  in  the  regular  river  bulletin.  Flood  warnings  have  not 
been  sent  from  this  station,  as  the  rise  of  the  river  is  so  gradual  that  timely  warning 
may  be  had  from  the  regular  bulletin.  There  has  been  no  flood  of  any  consequence 
since  May,  1888.  In  May,  1892,  and  again  in  1893,  the  river  rose  above  the  nominal 
danger  line  (14  feet),  overflowing  a  small  tract  of  land  in  Missouri,  and  doing  no 
material  damage.  Since  May,  1893,  the  river  has  not  reached  the  danger  line  at  this 
point. 


28 


KXOXVILLE,   TENN. 


The  iuterests  most  affected  by  river  conditions  at  this  place  are  those  connected 
with  navigation,  and  they  are  affected  very  little  from  the  fact  that  this  point  is 
nearly  at  the  head  of  navigation,  the  river  being  navigable  only  abont  55  miles 
farther  upstream.  Owing  to  the  high  river  banks  along  this  portion  of  the  stream, 
farming  interests  along  the  side  of  the  stream  are  never  in  danger  from  floods,  while 
property  along  the  banks  is  equally  free  from  liability  to  damage.  In  fact,  it  may 
be  generally  stated  that  in  rare  cases  only  is  there  any  danger  to  be  apprehended 
from  high  water  in  this  section.  River  men  state  that  stations  up  the  stream  would 
assist  the  navigation  interests. 

LITTLE   ROCK,   ARK. 

As  the  low  stage  of  water  in  the  Arkansas  River  at  this  point  has  continued  during 
a  longer  licriod  in  the  last  year  than  ever  known  before,  the  stages  of  wat-er  have 
assumed  an  importance  hitherto  unknown.  When,  during  the  late  fall  and  winter 
months,  the  water  is  too  low  to  ship  by  river  the  large  quantities  of  cotton  and 
cotton  seed  and  merchandise  of  all  kinds,  freight  of  this  class  must  be  hauled  lon«^ 
distances  by  wagon  and  shipped  by  railroad  at  greatly  increased  expense.  During 
low  stages  of  the  river,  when  a  slight  rise  is  reported  in  the  upper  river,  the  boats 
can  leave  Little  Rock  and  return  with  a  full  cargo  with  the  rise,  whereas  if  they 
were  not  informed  of  the  rise  at  the  earliest  possible  moment  it  would  be  too  late  to 
take  advantage  of  it  after  it  reached  this  city.  This  condition  has  existed  many 
times  during  the  past  year,  and  the  importance  of  the  river  intelligence  has  been 
demonstrated  by  the  increasing  demand  for  news  of  this  nature.  River  warnings  of 
floods  are  of  incalculable  value  to  all  the  inhabitants  of  the  Arkansas  Valley  from 
Fort  Smit^  to  the  mouth  of  the  river,  but  chiefly  so  to  those  of  the  lower  valley. 
From  information  received  from  a  flood  warning  they  can  determine  just  what  steps 
to  take  in  strengthening  and  repairing  levees,  or  if  the  anticipated  flood  is  so  great 
as  to  make  it  impossible  to  prevent  overflows,  they  can  move  their  household  eflects 
and  stock  to  safe  places.  Floods  are  not  common  in  the  Arkansas  Valley,  and  conse- 
quently levee  protection  is  comparatively  poor  and  not  much  attention  is  paid  to 
the  levees  until  the  flood  seems  imminent.  The  section  of  country  protected  by 
levees  is  small,  hence  a  very  large  section  is  subject  to  overflow,  and  included  in 
this  area  are  some  of  the  finest  cotton  lands.  No  floods  have  occurred  in  the  Arkan- 
sas River  during  the  last  two  years,  but  from  the  benefits  derived  from  the  flood 
warnings  of  1892  this  branch  of  the  work  of  the  Bureau  has  since  assumed  an  impor> 
tance  second  to  none.  It  is  impracticable  to  make  an  estimate  of  the  money  value 
of  the  warnings  issued,  but  they  were  the  means  of  saving  many  lives  and  thousands 
of  dollars'  worth  of  property. 

LOUISVILLE,  KY. 

Louisville  is  located  upon  a  gently  undulating  plain  which  has  an  average  eleva- 
tion of  about  70  feet  above  low- water  mark.  New  Albany  and  Jeffersonville,  on  the 
opposite  side  of  the  river,  artf  similarly  situated  at  approximately  the  same  elevation. 
Both  above  and  below  these  cities  high  banks  rise  abruptly  from  the  shore,  except 
in  occasional  places  where  there  are  spots  of  limited  area  but  slightly  elevated  above 
the  river.  As  the  highest  water  mark  shown  by  the  Weather  Bureau  record  was 
46.6  feet,  on  February  16,  1884,  it  will  be  seen  that  only  in  cases  of  floods  of  excep- 
tional volume  is  property  generally  exposed  to  danger  in  this  vicinity.  That  por- 
tion of  the  city  which,  by  its  location  in  the  depression  forming  the  valley  of  Bear 
Grass  Creek,  was  formerly  exposed  to  danger  from  even  ordinary  floods,  has  been 
protected  by  a  high  earthen  wall  which  has  diverted  the  stream  from  its  original 
course.  A  depth  of  30  feet  will  flood  cellars  fronting  immediately  upon  the  river 
and  a  portion  of  Portland,  a  small  suburb  west  of  the  city,  and  a  rise  to  35  feet  will 
endanger  a  considerable  amount  of  property.    Warnings  of  these  stages  have  fire- 
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qnently  proTed  of  great  valne.  On  an  average  of  once  in  three  ye'ars  the  water 
rises  to  a  stage  that  jeopardizes  considerable  property,  and  in  such  cases  the  wam^ 
ings  are  of  great  value.  The  highest  water  during  the  last  two  years  was  28.8  feet, 
February  22, 1893,  but  it  resulted  in  no  material  damfbge.  On  acoouut  of  the  infre- 
quenoy  of  flood  stages  of  water  and  the  comparatively  small  amount  of  property 
endangered  by  them,  flood  warnings  are  considered  subordinate  in  importance  to 
the  daily  reports  of  the  fluctuations  of  the  river,  affecting  as  they  do  many  and 
diversified  interests. 

The  States  contiguous  to  the  Ohio  and  Mississippi  rivers  are  in  the  main  dependent 
for  their  fuel. supplies  upon  the  coal  which  comes  Arom  the  Upper  Ohio  and  its 
tributaries,  and  the  annual  consumption  is  many  millions  of  bushels.  Nearly  all  of 
that  destined  for  points  west  and  south  of  here  has  to  pass  Louisville,  and  it  is  of 
the  highest  importance  to  dealers  and  shippers,  both  here  and  elsewhere,  to  be 
informed  as  to  the  stage  of  the  water  in  the  river,  particularly  the  depth  of  water 
in  the  canal,  through  which  the  coal  fleets  must  pass.  A  rise  or  fall  of  even  a  few 
inches  may  be  of  great  moment  to  this  industry,  and,  while  no  data  bearing  upon 
the  subject  is  accessible,  information  furnished  by  this  oiflce  has  been  of  unques- 
tioned pecuniary  value.  This  statement  is  true  also  in  a  lesser  degree  in  regard  to 
the  shipping  of  other  classes  of  freight  and  to  general  river  traffic.  The  work  of 
widening  the  Louisville  and  Portland  Canal,  which  is  in  charge  of  the  United  States 
engineers,  has  been  in  progress  for  ten  years  or  more,  and  can  be  conducted  only 
when  the  water  is  low  enough  to  expose  a  portion  of  the  river  bed.  A  sudden  rise, 
even  of  a  few  feet,  will  endanger  all  the  costly  apparatus  used  in  connection  with 
the  operations,  and  upon  several  occasions  during  recent  years  it  has  been  saved 
through  information  furnished  by  the  reports  of  this  office.  In  the  same  manner 
the  cement  industry  has  been  greatly  benefited,  since,  the  rock  used  in  its  manufac- 
ture is  obtained  from  the  bed  of  the  river,  and  the  tools,  tracks,  engines,  cars,  and 
other  apparatus  are  constantly  exposed  to  danger  from  sudden  rises. 

It  is  only  during  severe  winters  that  the  Ohio  is  closed  by  ice  at  this  point,  but  in 
the  -winters  of  1892-93  and  1894-95  it  was  frozen  for  considerable  periods.  The 
breaking  up  of  the  ice  is  a  serious  menace  to  all  floating  property,  and  warnings 
received  during  the  winters  mentioned  were  of  the  highest  value.  The  breaking  up 
of  the  ice  in  January,  1893,  caused  the  loss  of  $200,000  worth  of  coal,  but  it  is  a 
notable  fact  that  owners  who  took  precautionary  steps  suffered  but  little  loss,  and 
it  is  estimated  that  more  than  the  above-mentioned  amount  was  saved  through 
warnings  of  the  approaching  break.  Warned  by  the  experience  of  1893,  river  men 
generally  heeded  the  information  furnished  to  them  during  the  past  winter,  and,  as  a 
result,  the  breaking  up  of  the  ice  was  accompanied  by  practically  no  loss.  Warn- 
ings of  high  winds  have  not  infrequently  been  attended  by  the  most  valuable  results 
to  river  interests.  The  most  notable  oases  of  this  kind  were  those  of  March  27, 1890, 
which,  from  a  conservative  estimate,  resulted  iu  the  saving  of  property  valued  at 
$100,000  and  50  lives ;  and  March  24, 1893,  when  $20,000  and  probably  many  lives  were 
saved. 

While  the  benefit  of  the  flood  warnings,  in  the  strict  sense  of  the  word,  can  not  be 
so  great  here  as  in  districts  subject  to  periodical  overflow,  yet  the  river-report  service 
is  considered  one  of  the  most  important  and  highly  appreciated  features  of  the  work 
of  the  Weather  Bureau  in  this  section. 

MEMPHIS,   TKNN. 

All  business  interests  in  this  community  are  affected  by  the  condition  of  the  rivers, 
and  when  flood  or  high  water  threatens,  the  interest  is  intensified  over  the  entire  area 
sabject  to  overflow.  It  is  estimated  that  a  little  more  than  three-fourths  of  the 
corton-producing  territory  tributary  to  Memphis  is  subject  to  overflow  during 
extreme  high  water,  or  is  behind  the  levees  of  the  Mississippi,  Arkansas,  and  St. 
Francis  rivers.    The  great  length  uf  the  season  required  for  the  maturity  of  cotton 
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renders  this  crop  especiaUy  subject  to  damage  from  protracted  high  water,  and  when 
flood  threatens  it  is  of  the  utmost  importance  to  know  not  only  what  portion  of  the 
lands  will  probably  be  submerged,  but  the  probable  length  of  time  they  will  remain 
under  water,  in  order  that  advantage  may  be  taken  upon  the  subsidence  of  the  water 
to  replant  in  cotton,  if  there  is  sufficient  time,  or  in  some  other  crop  should  the  season 
be  BO  far  advanced  as  to  render  the  maturity  of  cotton  uncertain. 

The  Weather  Bureau  reports  of  the  daily  rainfall  and  river  stages  are  the  only 
authentic  source  of  information  accessible  to  the  planter  who  has  at  stake  prob- 
ably his  entire  capital,  and  to  whom  a  flood  means  ruin  or  privation.  When  a  flood 
threatens,  every  scrap  of  information  and  every  opinion  as  to  the  probable  height 
the  river  will  reach  is  read  and  discussed  at  every  post-office  and  crossroad  throughout 
the  valley,  and  while  the  knowledge  that  a  flood  will  occur  might  not  enable  the 
planter  to  save  a  pound  of  cotton  on  land  subject  to  overflow,  nevertheless  it  is  knowl- 
edge of  the  greatest  importance  to  him,  as  preparation  can  then  be  made  to  place 
property  in  a  position  where  it  will  be  subject  to  the  least  damage. 

Flood  warnings  are  absolutely  indispensable  to  those  directly  interested  in  the 
protection  of  the  levees.  When  the  water  reaches  a  danger  point  it  is  necessary 
to  have  the  levees  under  the  most  careful  surveillance,  and  to  this  end  the  interest 
of  the  people  must  be  aroused  to  the  possibility  of  danger.  Nothing  is  so  effectual 
for  this  purpose  as  the  information  furnished  by  this  Bureau.  Much  credit  is  due 
Capt.  A.  A.  Sharp,  superintendent  of  the  Yazoo  and  Mississippi  Valley  Railroad, 
for  his  efforts  in  furnishing  information  of  impending  floods  to  the  people  of  the 
valley.  This  railroad  follows  the  Mississippi  Biver  from  Memphis  to  Yioksbnrg, 
and  Captain  Sharp  has  arranged  with  this  office  to  obtain  the  stages  at  the  principal 
points  on  the  upper  rivers  at  the  earliest  possible  moment  each  morning.  These 
stages,  together  with  the  river  forecasts,  are  telegraphed  to  all  stations  on  his  line 
and  promptly  posted.  This  keeps  the  people  thoroughly  in  touch  with  the  latest 
information  on  the  condition  of  the  rivers,  and  is  received  at  least  thirty  hours  in 
advance  of  the  daily  papers.  I  am  unable  to  point  to  any  instance  and  say  that  the 
warning  saved  so  many  dollars — such  examples  are  exceedingly  rare;  but  when  a 
planter  makes  a  journey  of  75  miles  with  no  other  purpose  than  to  obtain  the  latest 
information  as  to  the  probable  extent  of  the  threatened  flood,  the  Value  of  such 
information  to  him  may  not  be  questioned.  Two  instances  of  this  kind  came  under 
my  personal  notice  during  the  high  water  of  1893. 

The  value  of  the  daily  river  reports  to  those  directly  interested  in  river  traffic  is 
manifest,  especially  when  the  river  is  low  and  care  must  be  exercised  in  loading  in 
order  to  pass  safely  over  shoals  which  may  be  in  the  channel.  These  points  are 
closely  watched  by  steamboatmen,  and  the  daily  reports  of  the  Bureau  form  the 
basis  of  calculation  as  to  the  cargo  a  boat  may  safely  carry.  The  value  of  such 
information  is  evident,  though  it  is  difficult  to  estimate  in  dollars  and  cents. 

MINNEAPOLIS,  MINN. 

The  principal  interests  affected  by  the  river  conditions  in  this  locality  are  the  lum- 
ber industry,  the  flour  mills,  and  the  city  waterworks.  When  the  river  stage  is  low 
the  season's  cnt  of  lumber  can  not  be  floated  into  the  Mississippi,  and  some  of  the 
sawmills  are  obliged  to  shut  down.  The  mills  use  all  the  water  they  can  get  for 
power,  and  when  the  water  is  low  they  are  obliged  to  use  their  more  expensive  steam 
plants.  The  annual  spring  rise  usually  floods  some  of  the  cottages  nearest  the  river 
bank  in  a  district  known  as  the  ''  Bohemian  Flats,''  which  is  located  below  the  falls 
and  contains  a  settlement  of  squatters.  The  loss  is,  however,  insignificant.  No 
warnings  of  floods  or  high  water  have  been  furnished  to  or  issued  from  this  office 
during  the  last  two  years. 

MOBILE,  ALA. 

The  Alabama  River  system  is  nearly  a  thousand  miles  in  extent,  embracing  the 
Alabama^  Warrior,  and  Tombigbee  rivers.     These  rivers  and  their  tributaries  bring 
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the  products  of  the  mines,  cotton  fields,  and  forests  to  mannfaeturing  and  shipping 
centers.  This  river  system  has  been  in  operation  about  two  years,  and  in  importance 
is  only  e<xualed  by  the  daily  weather  forecasts.  The  value  of  the  commercial  prod- 
ucts  reaching  Mobile  through  the  medium  of  the  Alabama  River  system  varies  from 
$10,000,000  to  $15,000,000  annually,  and  when  it  is  remembered  that  there  are  times 
when  navigation  is  seriously  embarrassed,  if  not  entirely  suspended,  the  importance 
of  the  daily  river  reports,  the  only  source  of  information  concerning  the  rivers,  can 
be  readily  seen.  River  transportation  has  a  formidable  competitor  in  the  railroad 
system,  traversing  as  it  does  a  large  section  of  the  river  territory.  This  fact  calls 
for  the  closest  study  of  the  conditions  of  the  rivers  and  the  rainfall  by  steamboat- 
men,  as  it  enables  them  to  accept  or  reject  cargoes. 

Almost  daily,  persons  interested  in  river  navigation  call  for  the  water  stages 
before  the  information  is  officially  issued.  If  reports  are  favorable,  steamers  are 
laden  and  dispatched  to  points  which,  owing  to  low  water,  have  not  been  visited 
for  weeks.  If  reports  are  not  favorable,  freight  is  not  received.  Thus  it  will  be 
seen  that  these  reports  are  valuable,  not  only  to  the  steamboat  owner,  but  likewise 
to  the  planter,  who  receives  the  benefit  of  the  lower  rates  of  water  transportation. 
Lumbermen,  loggers,  and  shingle  manufacturers  show  equal  interest  in  the  daily 
river  bulletin,  all  of  these  interests  desiring  high  water.  The  recent  heavy  niins 
over  Alabama,  Georgia,  and  Mississippi  show  the  relation  this  office  bears  to  this 
community,  and  what  a  factor  it  is  to  the  business  interests.  For  some  months  the 
mills  of  the  city  had  almost  ceased  operations  for  want  of  supplies,  owing  to  a 
deficiency  in  the  spring  rains.  Large  quantities  of  lumber  had  been  cut,  •  and 
arrangements  had  been  perfected  to  float  it  down  to  this  city  with  the  first  high 
water.  The  rains  mentioned  were  sufficient  to  cause  the  streams  to  reach  the 
danger  line.  Immediately  on  receiving  official  notice  of  the  coming  rise,  thousands 
of  loggers  were  sent  to  the  swamp  country  contiguous  to  the  rivers,  and  hundreds 
of  rafts  were  brought  to  the  rivers  and  floated  to  this  city.  Without  the  informa- 
tion furnished  by  the  reports  of  this  office,  valuable  time  would  have  been  lost  and 
very  few  logs  would  have  been  secured,  owing  to  the  very  short  period  the  high 
stage  continued.  A  foreknowledge  of  high  water  enables  stockmen  to  drive  their 
cattle  to  safe  places.  The.  reports  are  of  inoalculable  benefit  during  the  low  stages 
of  water  which  continue  during  the  greater  portion  of  the  year,  as  the  information 
they  contain  is  a  leading  factor  in  the  navigation  of  all  rivers. 

MONTGOMERY,  ALA. 

A  majority  of  the  business  interests  of  this  community  are  directly  or  indirectly 
afibcted  by  high  water  and  floods  in  our  rivers.  This  city  is  a  commissary  depot  for 
all  of  the  river  basin  of  this  section,  covering  thousands  of  square  miles,  and  any. 
influence  brought  to  bear  on  the  agricultural  or  stock-raising  interests  is  felt  at 
once.  There  are  thousands  of  acres  of  fine  bottom  land  on  which  com  and  cotton  is 
grown  which  is  subject  to  overflow.  It  is  impracticable  to  gather  accurate  statistics 
of  the  value  of  such  interests,  but  from  the  most  reliable  information  obtainable  the 
value  of  such  interests  in  this  county  alone  which  are  afiected  by  river  conditions 
will  aggregate  $200,000.  The  manufacturing  interest  is  not  large,  and  would  not 
exceed  $50,000  annually.  The  shops  of  the  Louisville  and  Nashville  Railroad  and 
the  Western  Railway  of  Alabama  are  located  on  ground  which  would  be  flooded  by 
extremely  high  water.  The  value  of  machinery  and  other  movable  property  at 
both  shops  is  several  hundred  thousand  dollars.  The  value  of  the  reports  to  the 
mercantile  interests  is  also  very  great,  as  at  most  of  the  river  landings  where 
freight  is  discbarged  the  means  of  protecting  the  freight  flrom  high  water  after  it  is 
landed  are  very  meager,  and  during  periods  of  high  water  arrangements  have  to  be 
made  in  advance  for  the  prompt  removal  of  goods  to  high  ground.  It  is  difficult  to 
estimate  the  value  of  merchandise  so  affected,  but  it  is  fair  to  assume  that  it  would 
aggregate  $50,000  to  $75,000  annually.    The  timber  interests  affected  by  river  con- 
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ditions  are  also  considerable.  In  tlie  swamp  lands,  where  at  times  there  is  a  large 
quantity  of  timber  ready  to  be  hauled  to  the  mills,  unexpected  high  water  would 
float  it  away  and  cause  serious  loss.  The  estiuiated  value  of  timber  in  this  section 
so  affected  is  $75,000  to  $100,000  annually. 

During  the  winter  and  spring  most  of  the  live  stock  is  kept  in  the  cauebrakes  of 
the  river  bottoms,  on  account  of  the  better  pasturage.  As  these  are  the  seasons 
when  we  have  our  most  sudden  rises,  our  reports  and  warnings  are  of  vital  importance 
to  the  stock  raisers,  and  this  interest  represents  about  $100,000  annually. 

No  floods,  and  but  few  ordinary  high  rises,  have  occurred  in  the  last  two  years, 
and  in  the  case  of  the  rises  full  and  ample  warnings  were  issued.  Several  days' 
warning  was  given  of  the  high  waters  of  March  15  to  21, 1895,  the  warnings  being 
telegraphed  to  nearly  all  river  stations  and  mailed  to  all  postmasters  at  river  towns 
within  mailing  distance,  and  while  th.e  water  was  not  high  enough  to  do  any  serious 
damage,  it  is  thought  that  the  warnings  saved  considerable  loss  of  stock  and  other 
property  in  the  bottom  lauds.  The  forecasts  and  warnings  issued  at  that  time  have 
certainly  increased  the  public  conlidence  in  this  branch  of  our  work,  which  in  this 
section  is  one  of  the  most  important  of  the  Bureau. 

As  before  stated,  it  is  impracticable  to  obtain  more  than  approximate  estimates  as 
to  the  value  of  the  various  interests  in  this  section  affected  by  river  conditions  and 
benefited  by  our  warnings,  but  for  the  Alabama  and  Tombigbee  systems  of  rivers  it 
is  thought  the  following  is  a  conservative  estimate  of  the  annual  value  of  the 
different  interests : 

Agriculture $1,500,000 

Stock  raising • 100,000 

Manufactories  of  all  kinds 500, 000 

Lumbering 200,000 

River  commerce  (indirectly  affected  and  benefited) 15, 000, 000 

Total 17,300,000 

The  reports  and  warnings  are  also  of  great  benefit  to  the  ofiicers  in  charge  of  the 
Government  improvement  of  the  rivers  of  this  section,  for  which  large  and  costly 
plants  are  maintained,  and  which  onr  warnings  have  often  been  the  means  of  pro- 
tecting from  damage  by  sudden  high  water.  Railroad  officials  derive  value  from  the 
reports  during  periods  of  high  water,  as  they  are  enabled  to  protect  their  bridges 
and  other  property.  The  Capital  City  Waterworks  of  this  city,  which  obtains  water 
from  an  artesian  supply,  is  also  affected  by  river  stages  of  15  feet  or  more,  and  extra 
precautions  to  prevent  damage  are  taken  when  warnings  of  stages  above  15  feet  are 
received. 

NASHVILLE,  TENN. 

I'he  principal  interests  affected  by  the  condition  of  the  river  at  this  point  are  those 
connected  with  steamboating,  lumber,  munufactories,  and  merchants  and  dwellers 
in  houses  along  the  river  banks  and  in  the  low  districts.  There  are  three  large  saw- 
mills on  the  banks  of  the  river,  two  of  which  are  seriously  inconvenienced  by  a  stage 
of  38  to  40  feet,  while  the  third  can  stand  45  feet  without  much  damage  to  its  prop- 
erty. These  mills  are  in  the  habit  of  stacking  lumber  on  the  river  banks,  and  it 
fre(]uently  happens  that  heavy  rains  at  points  above  Nashville  cause  quick  and 
decided  rises  here.  These  rises  are  shown  through  reports  from  the  special  river 
stations  at  Bnmside,  Ky.,  and  Carthage,  Tenn.,  in  time  to  notify  the  owners  of  the 
lumber  to  remove  it  to  places  of  safety.  If  it  were  not  for  the  river  service,  the  first 
intimation  these  owners  would  have  would  be  the  arrival  of  the  crest  of  water  which 
would  carry  off  a  part,  if  not  all,  of  their  lumber.  During  the  rise  in  February,  1893, 
one  mill  alone  had  about  $1,000  worth  of  lumber  stacked  on  the  banks  a  few  feet 
above  the  water.  On  the  17th  of  that  month  it  was  seen  by  the  reports  of  st>ation8 
above  that  the  danger  line  would  probably  be  reached  or  passed  during  the  ensuing 
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few  days,  and  ballet  ins  were  issued  to  that  effect,  and  warnings  were  given  to  remove 
all  movable  property  above  that  line.  A  large  force  of  men  was  pnt  to  work,  and 
every  foot  of  lumber  was  removed  to  a  safe  place,  and  none  was  lost.  By  the  morn- 
ing of  tbe  21st  the  water  had  risen  one-half  foot  above  the  danger  line.  One  firm 
stated  that  this  warning  saved  them  over  $2,000.  The  owners  of  small  tenement 
houses  in  the  districts  subject  to  overflow  are  also  especially  benefited  by  the  warn- 
ings. The  brick  manufacturers  are  enabled  by  the  warnings  to  bank  their  fires  and 
stop  their  machinery,  and  in  other  ways  to  protect  themselves  and  save  considerable 
money.  The  danger  line  has  been  passed  but  one  other  time  during  the  last  two 
years — ^Febmary  9  to  11, 1894.  At  that  time  the  warnings  were  widely  distributed 
by  means  of  the  bulletins  and  the  telephone,  and  while  no  special  instance  is  known,  I 
am  convinced  that  much  money  was  saved  by  the  warnings.  The  warnings  are  prob- 
ably of  greatest  value  to  the  steamboat  interests.  When  the  water  is  low  and  a  rise 
occurs  at  tbe  headwaters,  they  often  send  out  a  boat  to  load  at  some  of  the  towns 
above  and  return  with  the  rise.  It  is  a  very  conservative  estimate  to  say  that  the 
river  service  is  worth  to  this  city  at  least  $25,000  a  year. 

NEW  ORLEANS,  LA. 

steamboat  men,  coal  men,  and  plantation  owners  along  the  rivers  are  the  persons 
most  interested  in  the  river  reports,  as  a  rule.  The  former  gauge  their  time  of 
departure  according  to  the  river  reports  of  the  Weather  Bureau,  particularly  in  the 
Red  and  Ouachita  trade,  and  it  is  only  through  such  reports  and  accompanying  fore- 
casts, when  these  rivers  are  at  a  low  stage,  that  the  trips  can  be  made.  The  coal 
interests  from  Pittsburg  down  the  Ohio  and  Mississippi  rivers  are  particularly  large 
in  this  city,  and  the  river  reports  from  the  Ohio  are  in  great  demand,  and  serve  to 
control  the  time  of  departure  of  coal  fleete  from  the  upper  Ohio.  During  the  past 
season,  when  the  Ohio  was  at  a  low  stage  for  weeks — so  low  as  to  make  it  hazard- 
ous to  attempt  starting  the  coal  fleets  from  Pittsburg,  and  at  a  time  when  coal  was 
becoming  scarce  in  this  city — timely  information  of  an  expected  rise  in  the  Ohio 
through  anticipated  rains  resulted  in  a  number  of  fleets  starting  down  the  Ohio  and 
making  their  way  to  this  port  without  grounding  or  being  delayed  by  tying  up. 
Incidents  of  this  character  are  quite  numerous,  and  prove  the  great  value  of  the 
river  reports  and  forecasts  during  low  water.  The  rice  planters  along  the  Lower 
Mississippi  are  also  greatly  interested  in  river  information  disseminated  by  the 
Bureau.  Flooding  rice  fields  by  means  of  pumping  from  the  river  is  expensive,  and 
when  the  reports  indicate  an  anticipated  rise  sufficient  to  permit  flooding  by  means 
of  flumes  a  considerable  outlay  of  money  is  saved  to  the  planters,  whereas  if  the 
reverse  were  the  case  the  pumping  method  would  be  resorted  to  as  a  means  of  making 
the  crop. 

During  the  periods  of  high  and  flood  waters  the  entire  public  is  particularly  inter- 
ested in  the  reports  and  warnings.  Boards  of  levee  commissioners,  engineers,  plan- 
tation owners  along  the  rivers,  and  in  fact  all  riparian  interests,  keep  a  watchful 
eye  on  the  Weather  Bureau  reports.  During  the  spring  of  1893 — April  and  May — 
the  levee  system  of  the  State  was  greatly  strengthened  on  account  of  the  timely 
warnings  of  the  Bureau.  Back,  or  protection,  levees  were  thrown  up,  temporary 
levees  were  erected  at  points  where  it  was  fe<ared  the  river  would  wash  over  its 
banks,  and  although  breaks  occurred  and  considerable  damage  was  done,  yet  with- 
out the  information  furnished  by  the  Bureau  it  is  safe  to  assume  that  the  damage 
would  have  been  far  greater  and  many  lives  would  have  been  lost  by  the  floods. 
Beporta  of  families  moving  from  the  lowlands  along  the  river  front,  and  taking 
with  them  their  stock,  household  furniture,  etc.,  on  the  strength  of  the  warnings 
issued  by  the  Bureau  were  numerous,  and  although  thousands  of  persons  were  ren- 
dered homeless  during  that  overflow,  yet  the  loss  of  life  was  comparatively  small  to 
what  it  would  have  been  had  no  warnings  been  issued  of  the  extreme  stage  expected 
in  a  given  time. 

106(»_No.  17 3 
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It  would  be  scaroely  possible  to  give  in  a  limited  report  fall  partkmlaiB  of  the  £»r- 
reachiug  effocts  of  tbe  ilood  warnings;  and  even  months  in  advance  of  the  period  of 
our  usual  high  waters  the  riparian  interests  desire  to  know  the  Weather  Bureau's 
opinion  regarding  anticipated  floods,  or  the  stage  that  can  be  expected.  It  is  so  tax- 
reaching  as  to  make  jobbers  in  bagging  lay  in  additional  supplies  to  meet  the 
demands  of  engineers,  plantation  owners,  etc.,  for  bags  (to  be  filled  with  sand)  to 
be  used  in  the  construction  of  temporary  levees,  and  in  closing  crevasses,  should 
any  occur. 

The  detailed  expression  of  opinion  on  the  value  of  the  warnings  of  the  Bureau  by 
the  public,  through  the  press,  were  forwarded  to  your  office  during  the  flood  of  1893, 
and  complete  retained  files  are  missing  from  other  than  city  papers.  The  foregoing 
is.  however,  the  general  value  of  the  reports  as  gleaned  from  a  personal  knowledge 
of  the  conditions  that  existed. 

OMAHA,  KEBR. 

The  business  interests  most  affected  by  river  conditions  are  corporations  and  com- 
panies having  property  located  along  the  river,  the  aggregate  value  of  which  is 
millions  of  dollars,  and  a  stage  of  water  above  the  danger  line  would,  without  timely 
warning  of  its  approach,  cause  immense  loss.  As  the  stage  of  the  water  at  this  point 
has  not  for  years  reached  a  point  higher  than  15.1  feet,  which  is  3  feet  below  the 
danger  line,  there  has  been  no  opportunity  to  demonstrate  the  value  of  the  flood 
warnings  in  a  marked  manner.  On  April  12, 1893,  and  April  14, 1894,  the  water 
reached  15.1  feet,  and  the  attention  paid  to  the  river  reports  and  forecasts  proved  the 
faith  given  and  tbe  reliance  placed  upon  the  warnings  and  reports  by  those  moat 
concerned. 

With  reference  to  the  river  bulletin  issued  from  this  office,  copies  of  which  are 
furnished  to  all  tbe  interests  affected  by  river  conditions,  a  universal  regret  is 
expressed  that  the  daily  reports  and  changes  of  the  river  at  Bismarck,  Pierre,  and 
Sioux  City  are  not  regularly  published  in  the  bulletin  from  April  to  June,  inclusive, 
each  year.  This  regret,  while  not  publicly  expressed,  is  also  felt  by  the  observer, 
who  is  seriously  handicapped,  at  times,  in  making  forecasts  by  a  lack  of  information 
of  the  river  conditions  above  his  station. 

PARKEUSBUKG,  W.   VA. 

The  timber  and  coal  interests  are  particularly  affected  by  the  changing  river  con- 
ditions, and  the  greater  of  these  is  the  timber  interest.  Timber  and  railroad  ties 
are  floated  down  the  Little  Kanawha,  and  the  river  reports  indicate  stages  of  water 
favorable  for  rafting.  Knowledge  of.  the  river  conditions  renders  it  practicable  for 
the  lumber  men  to  use  the  natural  means  of  conveying  their  output  at  favorable 
times,  and  the  warnings  guard  against  surprises  by  floods  and  high  water,  thereby 
rendering  comparatively  safe  a  business  which  would  otherwise  be  perilons  and 
uncertain.  Warnings  of  high  water  and  floods  are  the  means  of  saving  merchandise 
piled  upon  the  levees  which  would  be  destroyed  if  a  flood  came  unannonnced. 

While  warnings  of  floods  are  of  the  greatest  value,  warnings  of  even  a  slight  rise 
in  times  of  low  water  are  of  great  value,  as  boats  will  often  clear  for  np  or  down 
river  points  in  anticipation  of  a  small  rise. 

The  warnings  issued  during  the  floods  of  Febroory  11-17, 1893,  and  January  8-12, 
1895,  were  very  successful.  In  the  former  period  great  anxiety  was  felt  on  account 
of  the  high  water.  Bulletins  giving  the  probable  height  beyond  which  the  water 
would  not  rise  did  much  to  allay  anxiety  and  evoked  favorable  comment  from  press 
and  public.  During  the  latter  period  the  river  conditions  were  constantly  pat 
before  the  people  with  equally  good  results.. 

FIERRE,   S.  DAK. 

The  highest  point  reached  by  the  river  in  tbe  last  two  years  was  10  feet,  April  3, 
1893,  the  danger  line  being  13.1  feet.  The  only  interest  taken  in  the  river  is  in  times 
of  threatened  high  water,  as  the  business  part  of  the  town  is  nearly  on  a  level  with 
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the  river,  and  merchants  move  goods  when  the  water  approaches  the  danger  line 
during  the  season  when  the  ice  breake  up.  The  river  at  this  point  is  1  mile  wide 
and  has  a  great  many  sand  bars,  and  the  benefits  resulting  from  this  station  are  con- 
fincd  to  sending  telegraphic  reports  to  Sioux  City  in  the  event  of  rapid  risee.  If 
reports  of  high  water  at  Bismarck,  or  rises  of  3  feet  in  24  hours  at  that  place,  could 
be  received  by  telegraph,  they  would,  in  the  case  of  a  flood,  be  the  means  of  saving 
thousands  of  dollars'  worth  of  property  in  this  vicinity. 

PITTSBURG,  PA. 

At  a  stage  of  3  feet  the  river  is  navigable  for  freight  and  passenger  packets;  at 
3.5  feet  for  towboats  and  empty  barges ;  at  7  feet  for  loaded  barges ;  and  at  9  feet 
for  large  tows  of  heavy  coal  boats.  At  20  feet  traffic  on  the  Pittsburg  and  Western 
Railroad  is  suspended,  and  cellars  in  the  lowef  portion  of  Allegheny  City  are  flooded. 
Since  1872  a  stage  of  20  feet,  or  higher,  has  occurred  39  times.  Twenty-five  feet  puts 
the  water  in  the  cellars  of  the  business  portion  of  Pittsburg.  Damage  has  also 
occurred  from  22,  23,  and  24  foot  stages.  Disastrous  floods  have  occurred  with  a 
27-foot  stage. 

Persons  interested  in  river  navigation  are  affected  by  the  river  conditions  at  all 
times^  and  merchants  and  persons  living  in  the  lower  parts  of  Pittsburg  an^  Alle- 
gheny are  affected  by  a  stage,  of  20  feet,  or  higher.  The  river  reports  and  flood 
warnings  are  of  incalculable  value  to  the  river  and  coal  operators.  By  means  of  our 
reports  they  are  able  to  inform  themselves  twenty-four  to  thirty-six  hours  in  advance 
of  the  probable  stage  of  water,  whether  there  will  be  sufficient  for  navigation, 
or  enough  to  move  t^e  heavy  coal  boats  or  the  lighter  barges;  giving  them  time  to 
get  their  crews  together  and  make  necessary  preparations.  By  a  conservative  esti- 
mate this  saves  to  every  coal  firm  in  this  vicinity  shipping  by  river  $5,000  per  year. 

As  an  instance  of  the  value  of  the  flood  warnings  the  floods  of  the  present  year 
may  be  considered.  On  Sunday,  January  6,  at  8  a.  m.,  the  stage  at  Pittsburg  was 
2.7  feet,  and  rain  was  falling  along  both  rivers.  Special  observations  were  called 
for  and  were  received  about  4  p.  m.  These  reports  showed  a  slight  rise  in  the  Alle- 
gheny and  lower  Monongahela,  and  a  decided  rise  and  breaking  up  of  ice  in  the 
upper  Monongahela.  Warnings  were  immediately  issued  stating  that  the  stage 
would  be  about  15  feet  Monday  morning.  By  this  warning  the  river  operators 
made  every  preparation  possible  to  secure  their  fleets  against  damage  by  high  water, 
and  no  losses  occurred  in  the  harbor.  I  am  informed  from  reliable  sources  that 
$100,000  worth  of  property  was  saved  by  this  warning.  The  only  losses  in  this 
vicinity  were  to  the  McKeesport  ferryboat  and  the  Jenkins  docks  in  the  Youghio- 
gheny  Biver,  which  were  carried  away ;  and  these  losses  could  have  been  averted  had 
proper  precautions  been  taken.  At  8  a.  m.  of  the  7th  the  stage  of  water  was  12.2 
feet  and  at  9.30  a.  m.  16.5  feet.  At  that  hour  warnings  were  issued  and  telegraphed  to 
points  below,  published  in  the  newspapers,  and  given  to  interested  parties  by  bulletin 
and  telephone,  stating  the  river  would  reach  26  feet  by  Tuesday  morning,  the  8th.  As 
25  to  27  feet  of  water  floods  many  of  the  cellars  in  the  business  parts  of  the  two  cities 
and  30  feet  many  of  the  principal  streets,  this  office  was  visited  by  hundreds  of  persons 
who  wished  to  know  whether  their  property  would  be  damaged,  and  a  man  was  kept 
constantly  at  the  telephone  from  10  a.  m.  to  midnight  answering  inquiries.  Many 
experienced  river  men  predicted  that  a  30-foot  stage  would  be  reached,  and  this  gave 
rise  to  many  rumors  of  disastrous  floods.  Had  the  Allegheny  River  put  out  the  vol- 
ume of  water  it  generally  does,  their  predictions  would  have  been  verified;  but  this 
office  was  confident  that  owing  to  the  colder  climate  of  the  Upper  Allegheny  Valley, 
caused  by  its  elevation,  and  the  approaching  cold  wave,  the  Upper  Allegheny  River 
would  not  put  out  much  water.  All  persons  whose  interests  were  likely  to  be  affected 
by  a  stage  of  26  feet  were  advised  to  remove  their  goods ;  and  all  persons  whose  inter- 
ests were  not  affected  by  that  stage  were  advised  to  the  contrary.  It  is  estimated  that 
property  to  the  value  of  $500,000  was  saved  by  this  warning.    This  rise  came  from 
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the  Monongahela,  Cheat,  Youghiogheny,  Aud  Kiskiminitas  rivers.  The  rivers  rose 
rapidly  daring  the  7th  and  the  morning  of  the  8th.  At  11.30  p.  m.  of  the  7th  the 
stage  at  Pittsburg  was  24.4  feet,  and  the  maximum  stage,  25.8  feet,  occurred  at  12.45 
p.  m  of  the  8th. 

In  January  and  February  of  this  year  extensive  ice  gorges  formed  in  the  Allegheny 
River  above  the  mouth  of  the  Kiskiminitas;  for  about  90  miles  the  river  was  nearly 
a  solid  mass  of  ice,  in  many  places  as  high  as  50  feet.  These  gorges  were  a  constant 
menace  to  property,  and  caused  great  anxiety  in  this  vicinity  Through  the  cour- 
tesy of  the  Allegheny  Valley  Railroad  this  office  was  informed  of  the  movements  of 
the  gorges,  and  daily  reports  were  received  from  Kittanning.  With  this  informa- 
tion, and  that  received  from  the  Weather  Bureau  observers,  daily  reports  of  the  con- 
dition of  the  river  and  the  probability  of  a  break  up  were  issued.  As  considerable 
alarm  was  manifested  in  this  vicinity  a  special  report  was  issued  stating  that  there 
was  no  prospect  of  an  extensive  and  general  break  up,  and  that  no  immediate  danger 
need  be  apprehended.  From  March  21  to  25  the  ice  broke  up  and  passed  out  without 
causing  any  damage.  It  is  believed  that  the  reports  of  the  Bureau  were  the  means 
of  saving  a  large  amount  of  property,  and  the  work  of  the  Bureau  received  much 
favorable  comment  from  the  public.  Warnings  of  floods  of  preceding  years,  notably 
those  issued  in  connection  with  the  floods  of  February,  1891,  were  also  the  means  of 
saving  an  immense  amount  of  property. 

PORTLAND,   ORE6. 

Oregon  is  affected  by  floods  from  two  causes:  First,  the  Willamette  freshets, 
which  occur  in  February,  when  they  do  occur;  and  second,  the  June  rise  in  the 
Columbia  River.  The  former  is  produced  by  snowfalls  followed  by  heavy  warm  rain ; 
the  latter  by  the  rapid  melting  of  the  snow  in  the  mountains  of  British  Columbia, 
Washington,  Montana,  Idaho,  and  northeastern  Oregon. 

These  floods  cover  the  wholesale  and  a  part  of  the  retail  business  districts  of  Port- 
land, causing  a  cessation  of  business;  float  wooden  sidewalks;  injure  asphaltnm 
streets;  damage  docks  and  warehouses;  injure  the  river  boat  service  and  transporta- 
tion; flood  the  tracks  of  the  Northern,  Union,  and  Southern  Pacific  railroads;  flood 
mills  and  factories,  and  inundate  thousands  of  acres  in  the  Columbia  and  Willa- 
mette valleys.  The  largest  single  item  of  damage  results  from  a  cessation  of  bnsi. 
ness. 

The  people  rely  entirely  upon  this  office  for  information  concerning  the  rise  and 
fall  of  the  rivers  and  floods.  The  newspapers,  too,  rely  exclusively  upon  this  office 
for  this  information.  This  reliance  in  our  reports  on  the  part  of  both  })eople  and 
press  is  a  measure  of  the  value  of  the  reports.  As  to  the  money  value  of  the  warn- 
ings, that  is  a  difficult  question  to  answer  Immediately  after  the  flood  of  June, 
1894,  an  estimate  was  obtained  from  30  merchants  of  this  city  relative  to  the  value 
of  the  reports,  and  this  estimate  placed  the  money  value  of  property  saved  by  the 
warnings  at  $240,000.  From  verbal  reports,  newspaper  expressions,  etc.,  it  would 
appear  that  our  information  enabled  the  saving  of  fully  $500,000  worth  of  property. 
We  have  labored  under  the  disadvantage  of  not  having  gauges  on  the  upper  rivers, 
but  this  has  been  corrected  within  the  last  six  months;  and,  secondly,  the  telegraph 
lines  are  frequently  washed  out  Just  when  we  want  reports. 

During  the  last  two  years  there  has  been  but  one  opportunity  of  forecasting  a  flood 
and  that  was  in  May  and  June,  1894.  The  success  attending  our  reports  is  shown  by 
the  following  extract  from  the  Portland  Oregonian  of  June  10,  1894:  "ITie  mer- 
chants and  other  interested  persons  have  relied  entirely  upon  the  Weather  Bureau 
for  information  concerning  the  flood.  Since  May  21,  when  the  river  showed  18.3 
feet,  to  June  4,  the  Weather  Bureau  has  forecasted  the  rise.  On  the  4th  a  special 
bulletin  was  issued  stating  that  the  river  would  continue  to  rise  until  midnight  of 
the  6th,  it  would  remain  stationary  on  the  7th,  and  a  fall  would  be  observable  on 
the  8th.    The  prediction  was  verified  most  accurately.    The  Weather  Bureau  hoe 
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eBtablisbed  an  excellent  reputation  in  tbis  and  adjoining  States  dnring  the  past  few 
years,  and  all  of  its  river  information  has  been  most  thoroughly  verified." 

There  has  been  no  Hood  in  the  Willamette  since  1890,  but  there  have  been  frequent 
rapid  rises  in  that  river,  dnring  all  of  which  all  interested  parties  relied  upon  this 
office  for  information,  and  I  am  pleased  to  note  that  not  in  a  single  instance  in  the 
last  two  years  has  a  merchant  lost  upon  the  information  received  from  this  office. 

RALEIGH,  N.  C. 

The  interests  affected  by  river  conditions  in  North  Carolina  are  chiefly  agricul- 
tural. Low-water  stages  are  of  interest  to  boatmen  in  the  larger  rivers  of  the 
eastern  section  of  the  State.  High- water  stages  are  a  matter  of  concern,  first  to  the 
population  along  the  lower  river  courses  in  localities  where  the  banks  are  apt  to  be 
overflowed  and  crops  injured  or  destroyed  (the  districts  liable  to  overflow  include  . 
narrow  strips  along  the  lower  courses,  averaging  some  2,000  to  3,000  square  miles  in 
area,  of  which  the  greater  portion  lies  in  the  low  alluvial  plains  of  the  east),  and  in  a 
lesser  degree  to  farmers  who  pasture  stock  on  some  of  the  islands  which  appear  dur- 
ing low  water;  some  of  these  islands,  notably  those  in  the  Roanoke  at  and  below 
Weldon,  furnish  fine  pasturage,  but  are  completely  submerged  during  high  water. 
High- water  stages  also  concern  lumbermen  and  merchants  in  the  neighborhood  of 
the  docks  in  some  of  the  larger  cities,  particularly  at  Wilmington. 

The  establishment  of  the  river  system  in  North  Carolina  is  so  recent  that  the  esti- 
mate of  the  value  of  successful  warnings  must  be  regarded  as  a  mere  approximation. 
If  floods  occur  at  the  season  when  crops  are  ready  to  be  gathered  it  is  estimated 
that  a  successful  warning  of  approaching  floods  would  cause  a  saving  of  $25,000  to 
$50,000.  After  crops  are  gathered  the  warning  would  save  from  $10,000  to  $15,000. 
There  have  been  but  few  instances  during  the  last  two  years  when  flood  warnings 
were  required.  No  warnings  were  issued  during  the  high  stages  of  August,  1893, 
and  damage,  which  might  in  part  have  been  avoided  had  warnings  been  issued,  was 
caused  to  standing  crops.  The  warnings  of  floods  in  October,  1893,  when  the  river 
reached  a  stage  of  42  feet  at  Fayetteville  and  34.6  feet  at  Weldon,  resulted  in  the 
saving  of  much  corn  and  fodder.  During  1894  the  rivers  continued  low,  except  a 
local  rise  of  the  lower  Cape  Fear,  for  which  no  warnings  were  issued,  and  which 
caused  some  damage  to  crops.  In  1895  very  successful  warnings  were  issued  Jan- 
uary 9  and  March  20.  The  Cape  Fear  River  reached  the  highest  stage  ever  known 
at  Fayetteville,  58  feet,  completely  verifying  the  warning  issued  of  *'an  unusually 
high  stage  in  the  Cape  Fear  River."  The  Roanoke  reached  41  feet  at  Weldon,  and 
the  warnings  resulted  in  the  saving  of  stock  on  the  islands.  Although  in  these 
cases  crops  were  not  endangered  to  any  great  extent,  it  is  estimated  that  the 
warnings  resulted  in  the  saving  of  some  $5,000  worth  of  property. 

RED  BLUFF,  CAL. 

There  are  no  interests  in  this  immediate  vicinity  affected  by  river  stages.  It  is 
only  when  the  nortliern  boundary  of  Colusa  County  is  reached  that  the  danger  from 
floods  along  the  Sacramento  River  begins.  The  land  at  that  point,  and  most  of  the 
land  south  of  there,  is  flat  and  but  little  above  the  bed  of  the  river.  Millions  of 
dollars  have  been  expended  for  protection  works  on  this  land,  but  owing  to  the  soil 
being  of  a  sandy  nature  and  being  infested  by  gophers  and  ground  squirrels  which 
are  constantly  at  work  boring  into  the  levees,  breaches  occur  occasionally  when  the 
water  is  high,  and  the  land  is  flooded.  On  such  occasions  the  damage  sustained  is 
great,  for  not  only  is  the  crop  destroyed,  but  the  land  is  rendered  unfit  for  cultiva- 
tion for  two  years  after.  The  value  to  those  localities  of  the  river  forecasts  and 
flood  warnings  can  not  be  overestimated  when  it  is  considered  that  by  twelve 
honrs'  warning  there  is  lime  before  the  flood  arrives  to  repair  holes  in  levees  and 
otherwise  put  them  in  good  order/ 
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The  writer  has  been  informed  that  the  timely  warnings  sent  ont  by  the  Weather 
Bureau  last  December  and  January,  of  expected  rises  in  the  river  stages,  were  the 
means  of  saving  tens  of  thousands  and  perhaps  hundreds  of  thousands  of  dollars 
to  land  owners  In  Colusa  County  alone.  On  December  21,  1894,  the  river  at  Bed 
Bluff  took  a  sudden  rise.  The  rise  was  telegraphed  at  once  to  the  forecast  official 
ac  8an  Francisco.  That  official  wired  back  that  a  dangerous  rise  was  expected,  and 
to  warn  places  affected  by  high-river  stages.  The  observer  sent  out  flood  warnings 
to  points  on  the  river  as  far  south  as  Grand  Island,  and  wired  Hon.  John  Boggs,  at 
Princeton,  to  warn  his  people  and  take  necessary  precautious  against  impoudinp^ 
danger  from  flood.  The  result  of  these  warnings  was  that  the  levees  were  strength- 
ened before  the  flood  wave  reached  the  threatened  localities.  The  highest  stage  of 
the  river  at  Red  Bluff  in  the  last  fifteeu  years  was  reached  January  22,  when  the 
gauge  reading  was  26  feet.  This  rise  was  forecasted  by  the  forecast  official  at  San 
Francisco  January  21,  and  the  flood  warnings  were  sent  on  that  date  by  the  observer 
at  Red  Bluff,  with  the  result  that  little  damage  was  done,  as  people  were  on  the  alert 
and  looked  after  their  levees. 

The  danger  from  overflow  to  the  affected  districts  along  the  Sacramento  River  is 
increasing  each  year,  owing  to  elevating  causes  going  on  in  the  bed  of  the  river,  and 
the  importance  of  the  flood  warnings  increase  accordingly.  Not  only  is  valuable 
property  in  danger,  but  human  life  also. 

SACRAMENTO,  GAL. 

All  classes  are  affected,  more  or  less,  by  the  river  during  the  rainy  season,  and 
towns  and  localities  leveed  against  high  water  receive  great  benefit  from  the  warn- 
ings. The  old  danger  line  at  this  place  is  25  feet,  but  the  levees  will  now  stand  a 
stage  of  30  to  33  feet.  The  warnings  are  not  only  appreciated  by  people  who  live 
along  the  rivers,  but  by  land  owners  who  live  in  San  Francisco. 

ST.  LOUIS,   MO. 

The  interests  most  affected  by  river  conditions  are,  in  the  order  of  their  import- 
ance, river  navigation,  railroads,  cotton  merchants,  grain  receivers  and  shippers, 
and  the  many  classes  of  business  along  the  immediate  river  front,  which  are  in 
danger  of  damage  by  overflow  during  flood  periods. 

As  there  have  been  no  exceptional  floods  during  the  last  two  years,  it  is  difficult 
to  obtain  much  reliable  data  couceruing  the  value  of  flood  warnings  during  that 
time.  It  is  safe  to  say  that  property  to  tlie  value  of  $2,000,000  which  would  be 
destroyed  or  damaged  by  flood  is  directly  interested  in  the  flood  warnings.  On 
May  1,  1893,  one  firm  in  this  city  moved  to  a  place  of  safety  6,000  bales  of  cotton, 
valued  at  $210,000,  on  the  advice  of  the  local  forecast  official  then  here,' on  account  of 
the  approach  of  high  water.  Another  firm  moved  12,000  bales,  valued  at  $500,000, 
npon  the  same  advice,  making  a  total  of  $710,000  for  one  interest  alone.  As  the 
water  did  not  reach  an  exceptionally  high  stage  at  that  time,  it  has  been  impossible 
to  obtain  any  more  data.  During  the  high  water  of  1892  cotton  valued  at  $1,250,000 
was  moved  to  a  place  of  safety  on  the  advice  of  the  local  forecast  official  then  here. 
Since  May  1, 1893,  there  has  been  no  occasion  for  flood  warnings  here. 

ST.   PAUL,   MINN. 

The  particular  interests  affected  are  the  stock  yards  and  beef  and  pork  hoases  in 
South  St.  Paul,  and  manufacturing  establishments  and  store  cellars  on  the  flats  of 
West  St.  Paul,  all  of  which  have  been  established  since  1881,  ^vhen  the  highest 
stage  of  water,  19.7  feet,  was  reached.  Provisions  were  subsequently  made  to 
guard  against  damage  from  a  like  stage  by  levees  and  filling  up  the  lowland,  and 
when  a  stage  of  13  to  14  feet  is  reached  some  inconvenience  and  slight  damage  is 
caused  by  seepage  of  water  into  cellars,  etc.    At  stages  of  11  to  14  feet  numerous 
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Bxnall  houses  on  the  flats  are  flooded.  The  maximum  stage  of  water  in  the  last  two 
years  has  been  14.7  feet,  and  no  serious  damage  resulted,  and  no  special  flood 
warnings  have  been  received  during  that  period. 

SAN  FRANCISCO,  CAL. 

The  interests  affeoted  by  flood  warnings  in  California  are  located  principally  in 
the  Sacramento  and  lower  portion  of  the  San  Joaquin  valleys,  which  section  is  a  vast 
level  plain  with  but  very  slight  difference  in  elevation  over  a  vast  region,  amounting 
altogether  to  more  than  4,000  square  miles  of  territory.  This  plain  is  surrounded  by 
steep  mountain  slopes  on  every  side  and  the  debris  from  the  mountain  streams  has 
been  deposited  along  the  rivers  in  the  valley,  thus  raising  the  surface  of  the  valleys 
near  the  river  considerably  above  that  of  the  territory  on  either  side  in  such  a  man- 
ner that  when  heavy  rain  occurs,  which  causes  the  rivers  to  overflow  their  banks, 
the  water  pours  into  these  basins,  thus  overflowing  a  territory  of  ubout  1,500  square 
miles.  This  territory  is  composed  of  very  rich  alluvial  land  and  a  large  portion  of 
it  has  been  in  a  measure  reclaimed  by  building  levees,  and  such  portions  aroused  for 
agricultural  purposes.  A  large  portion  of  this  partly  reclaimed  land  thus  produces 
very  large  crops,  except  in  seasons  of  unusually  high  water,  when  the  levees  are 
insufficient  to  protect  it  from  the  overflow. 

The  floods  in  this  valley  usually  occur  in  winter  or  early  in  the  spring,  when  heavy 
snow  lies  upon  the  mountains,  and  heavy  rain  occurs  with  warm  weather  and  causes 
a  rapid  melting  of  the  snow,  which,  together  with  the  rainfall,  greatly  increases  the 
discharge  of  the  tributary  streams.  The  rise  in  the  rivers  in  such  instances  is  very 
rapid,  amounting  sometimes  to  as  much  as  4  or  5  feet  per  hour  at  Red  Blufi\  Thus 
far  the  only  information  this  service  has  received  for  the  purpose  of  giving  warning 
of  floods  in  this  valley  has  been  from  stations  near  the  foothills  just  where  the  trib- 
utaries spread  out  from  the  canyons  in  the  mountains  into  the  plain  of  the  valley, 
and  the  time  limit  is  totally  insufficient  to  give  proper  warning  for  points  afiected 
by  the  overflow,  and  on  this  account  the  work  of  this  service  in  the  past  has  been  of 
slight  value  and  has  been  principally  confined  to  giving  ranchers  warning  of  the 
overflow,  thus  permitting  them  to  remove  stock  and  property  to  places  of  safety. 
The  warnings  sent  from  information  received  from  Red  Bluff*  last  winter  showed  that 
warnings  for  even  a  slight  period  would  be  of  value  in  permitting  repairs  to  be  made 
in  the  levees.  Warnings  for  tweuty-four  and  thirty-six  hours  in  advance  are  possible 
for  points  from  Sacramento  southward.  These  warnings  have  been  of  marked  value 
during  the  past  winter,  especially  in  one  instance  when  high  north  winds  were 
anticipated  which  cause  rapid  washing  of  the  levees  on  the  south  side  of  the  over- 
flow district,  which  then  embraced  a  territory  30  miles  in  extent.  The  levees  thus 
exposed  were  protected  by  sand  bags,  and  many  places  along  the  lower  Sacramento 
Biver  were  probably  saved  from  overflow  thereby. 

Arrangements  have  Just  been  completed  by  which  in  another  season  reports  will 
be  obtained  from  points  well  up  on  the  mountain  slopes  which  will  give  information 
of  rains  and  temperature  and  the  rate  at  which  snow  is  melting,  and  it  is  hoped  that 
when  this  plan  is  perfected  it  will  be  possible  to  decidedly  improve  the  system  in 
▼arions  ways  and  give  warnings  at  least  twelve  hours  earlier. 

SAVANNAH,  GA. 

Information  pertaining  to  the  Savannah  River  is  of  great  importance  and  bencflt 
to  farmers  and  rice  planters  located  along  the  river.  During  high  stages  they  are 
greatly  interested  in  the  stage  at  Augusta,  particularly  the  maximum  stage  attained 
at  that  point.  It  requires  seven  days  or  more  for  the  crest  of  a  freshet  to  reach 
Savannah  after  the  maximum  has  been  rciched  at  Augusta,  and  farmers  and  rice 
planters  have  ample  time  to  make  such  arrangements  as  they  may  deem  necessary 
for  the  protection  of  their  crops.  The  time  required  for  the  crest  to  reach  this  point, 
and  the  danger  attending  it,  depends  upon  the  weather  conditions  for  several  days 
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preceding  a  freshet.  Should  the  STramps  be  low  the  freshet  is  slow  in  coming  down, 
and  the  tilling  of  the  swamps  diminishes  the  height  of  the  freshet  crest.  If  a  freshet 
is  preceded  by  a  protracted  wet  spell  reverse  conditions  result.  It  is  in  knowing 
what  the  weather  conditions  have  been  and  what  they  are  likely  to  be  that  enables 
planters  to  take  such  precautions  as  will  best  secure  the  safety  of  their  crops  and 
other  property.  It  is  not  with  freshets  alone  that  planters  have  to  contend,  but 
also  with  the  severe  local  storms  that  occasionally  visit  this  section.  Warnings  of 
the  storms  of  August  27  and  28,  1893,  and  of  September  26  and  October  9,  1894,  were 
the  means  of  saving  many  thousands  of  dollars  to  rice  planters  along  the  river 
adjacent  to  Savannah,  as  those  who  had  crops  in  the  field  flooded  the  fields  and  pre- 
vented serious  loss  by  beating  winds,  and  rice  that  had  been  cut  and  stacked  was 
secured  as  well  as  possible  and  suffered  no  serious  damage. 

810 ITX  CITY,  IOWA. 

The  interests  most  affected  by  the  river  conditions  are  those  of  the  Iowa  and 
Nebraska  Pontoon  Bridge  Company,  which  has  $25,000  to  $30,000  worth  of  property  in 
the  bed  of  the  Missouri  River.  This  property  can  not  be  held  against  the  force  of 
floods,  rauning  ice,  or  even  a  high  stage  of  water,  and  unless  the  company  had  notice 
of  the  approach  of  high  water  and  secured  their  property  along  or  on  the  banks,  it 
would  be  carried  down  the  stream  and  lost.  The  Interstate  Bridge  Company,  for- 
merly the  Paciiio  Short  Line  Bridge  Company,  also  has  a  million-dollar  bridge  partly 
completed  and  a  large  amount  of  property  on  the  banks  adjacent  to  the  works. 
This  property  would  be  in  great  danger  should  the  stage  of  water  approach  the 
danger  line — 18. 7  feet. 

About  one-fourth  of  the  population  of  the  city,  the  principal  manufactories,  the 
large  packing  houses,  car  shops,  roundhouses,  and  railroad  switching  yards  are 
located  on  the  flats  and  are  exposed  to  danger  of  floods  in  both  the  Missouri  and 
Floyd  rivers.  The  value  of  these  interests  is  very  great,  and  it  is  estimated  that 
$75,000  to  $100,000  worth  of  property  could  be  saved  in  that  section  on  a  twelve  to 
twenty-four  hour  warning  of  a  great  flood. 

A  marked  instance  of  the  success  of  the  warnings  occurred  March  10,  1893,  when 
the  construction  company  at  work  on  the  Pacific  Short  Line  bridge  had  $10,000 
worth  of  material  and  machinery  on  its  tramway  to  the  center  of  the  river,  and  were 
enabled  by  means  of  telegraphic  reports  from  Bismarck,  Pierre,  and  Yankton  to 
remove  half  of  this  property  on  the  approach  of  high  water.  The  remainder,  with 
h<ilf  of  the  tramway,  valued  at  $5,000,  was  carried  away.  In  this  instance  property 
to  the  value  of  $5,000  was  saved  at  a  cost  of  not  more  than  $5  for  telegrams. 

VICKSBURG,   MISS. 

The  agricultural  interests  are  especially  affected  by  the  river  oonditions  in  this 
locality.  An  estimate  of  the  value  of  flood  warnings  would  be  impossible,  and  the 
accuracy  of  the  warnings  is  always  assured  in  a  great  measure  as  the.floods  can  be 
predicted  some  time  in  advance  of  their  approach  to  the  Lower  Mississippi. 

The  flodd  warnings  allow  the  planters  in  tlie  bottom  hinds  to  move  their  stock  and 
other  property  to  high  ground.  On  the  other  hand,  when  no  rise  in  the  river  is 
indicated  the  planters  raise  a  large  crop  on  the  bottom  lands. 

The  benefits  of  the  river  reports  are  universal,  and  it  would  be  impossible  to  esti- 
mate their  money  value  for  any  one  year.  The  reports  are  eagerly  sought  for  by  all 
persons  whose  interests  are  connected  with  the  river.  The  daily  newspapers  keep 
the  river  reports  and  forecasts  prominently  before  the  public,  and  the  large  and 
constantly  increasing  demand  for  the  river  bulletins  attest  to  the  great  interest 
therein. 

YANKTON,   8.   DAK. 

No  flood  warnings  have  been  received  during  the  last  two  years,  and  no  estimate 
of  their  value  can,  therefore,  be  given.  The  principal  interests  affected  by  river 
conditions  are  the  agricultural,  as  the  flooding  of  farm  lands  would  destroy  crops 
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and  property  and  endanger  life.  Pnblio  safety  is  affected  by  the  possible  carrying 
away  of  railroad  bridges  and  embankments.  For  these  reasons  the  flood  warnings 
and  river  reports  would  be  of  gr^at  value  and  would  be  much  appreciated  in  tbis 
vicinity. 

RIVER  DISTRICTS  AND   STATIONS. 

The  river  and  flood  service  was  reorganized  on  July  3, 1893,  and  the 
duty  of  warning  communities  resident  along  the  great  rivers  placed  in 
the  hands  of  the  local  forecast  officials  at  the  principal  river  centers. 
Each  forecaster  in  charge  of  a  river  center  has  a  definite  section  of  the 
river  system  of  his  district  to  watch  and  forecast  for.  The  information 
is  thus  more  rapidly  disseminated,  and,  being  so  directed  as  to  reach 
those  to  whom  it  is  naturally  of  most  importance,  is  of  more  value  than 
under  any  previous  arrangement.  Our  river  centers  are  furnished  with 
all  the  data  available  relative  to  the  condition  of  the  rivers  and  the 
history  of  previous  floods.  The  local  forecasters,  therefore,  are  equipped 
as  completely  as  possible  for  the  work  before  them,  and  with  such 
advantages  and  their  own  experience  and  ability  it  is  thought  that  no 
disastrous  rise  of  the  waters  will  occur  without  adequate  warning  of 
the  same  having  been  given  to  all  concerned. 

Territory  is  assigned  as  follows: 

The  observer  at  New  Orleans  is  in  charge  of  forecasts  for  the  Missis- 
sippi River  from  below  Vicksburg,  the  Hed  and  the  Ouachita  rivers;  the 
observer  at  Vicksburg  takes  charge  of  the  river  from  Memphis  to  Vicks- 
burg; the  observer  at  Memphis,  the  St.  Francis  River  and  the  Missis- 
sippi at  Memphis;  the  observer  at  Cairo  takes  that  section  of  the  Ohio 
from  Evansville  to  Cairo  and  the  Mississippi  from  below  St.  Louis  to 
Memphis ;  the  observer  at  St.  Louis  takes  charge  of  the  Mississippi  from 
Davenport  to  St.  Louis  and  the  Missouri  east  of  Kansas  City;  the  ob- 
server at  Omaha  takes  the  Missouri  from  Kansas  City  northward;  the 
observer  at  Cincinnati  takes  the  Ohio  and  its  tributaries  from  Evans- 
ville to  Marietta,  and  the  observer  at  Pittsburg  the  Ohio  and  its  tribu- 
taries above  Marietta,  while  the  Cumberland  is  watched  from  Nashville 
and  the  Tennessee  from  Chattanooga ;  the  rivers  in  Alabama  are  watched 
from  Montgomery;  in  North  Carolina,  from  Raleigh;  in  South  Carolina, 
from  Charleston;  the  Arkansas,  from  Little  Rock;  the  Mississippi  above 
Davenport,  from  Davenport;  the  Susquehanna,  from  Harrisburg;  the 
James,  from  Richmond;  the  Potomac,  from  Washington;  the  Savannah, 
from  Augusta;  the  Snake,  Willamette,  and  Columbia  rivers,  from  Port- 
land, Oreg.,  and  the  Sacramento  and  San  Joaquin,  from  San  Francisco. 

The  stations  may  be  grouped  as  follows: 

Stations  making  forecasts  daily  of  the  river  conditions:  Cairo, Chat- 
tanooga, Cincinnati,  Davenport,  Memphis,  Nashville,  New  Orleans,  Pitts- 
burg, St.  Louis,  and  Vicksburg. 

When  floods  are  imminent,  in  addition  to  the  above  stations,  the 
observers  at  Augusta,  Harrisburg,  Albany,  Raleigh,  Little  Rock,  Mobile, 
Montgomery,  Atlanta,  Washington,  San  Francisco,  Omaha,  Portland, 
Biobmond,  and  Charleston  make  forecasts  of  the  river  conditions. 
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List  of  special  river  stations. 


Station. 


Albany,  Ga 

Albany,  Oreg 

Alexandria,  La 

Arkadelpfaia,  Ark 

Arkansas  City,  Ark 

Arlington,  Mo 

Arthur  City,  Tex 

Bagnell,  Mo 

Bainbridge,  Ga 

Bayou  Sara,  La 

Beardstown,  111 

Beaver  Dam,  Pa 

Bismarck,  N.  Dak 

Bluff  City,  Tenn 

Boonville,  Mo 

Brookville,  Pa 

Buchanan,  Va 

Burnside,  Ky 

Camden,  Ark 

Camden,  S.  C 

Canton,  Ga 

Carthage,  Tenn 

Catlettsburg,  Ky 

Charleston,  Tenn 

Charleston,  W.  Va 

Che6ter,Ill 

Cheraw,S.C 

Circleville,  Ohio 

Claiborne  Landing,  Ala 

Clarksville,  Va 

Clarion,  Pa 

Clinton,  Tenn 

Columbia,  Tenn 

Columbus,  Ga 

Columbus,  Miss 

Confluence,  Pa 

Conway,  S.  C 

Cordova,  Ala 

Coushatta,  La 

Danville,  Va 

Dardanelle,  Ark 

Davis  Island  Dam,  Pa . 

Dayton,  Ohio 

Delhi,  La 

Demopolis,  Ala 

Donaldsonville,  La 

Dublin,  Ga 

Eddyviile,Ky 

Edisto,  S.  C 

Effingham,  S.C 

El  wood  Jnnctiou,  Pa. . 

Eufaula,  Ala 

Eugene  City,  Oreg 

FairBluff,N.C 

Fairmont,  W.  Va 

Falmouth,  Ky 

Fayetteville,  N.  C 

Florence,  Ala 

Freeport,  Pa 

Fulton,  Ark 

Gadsden,  Ala 

Grafton,  111 

Greensboro,  Pa 

Greenville,  Miss 

Harpers  Ferry , 


Flint 

Willamette 

Red 

Washita 

Mississippi 

Gasconade 

Red  River 

Osage 

Flint 

Mississippi 

Illinois.. 

Ohio 

Missouri 

Holston 

Missouri 

Red  Bank 

James 

Cumberland 

Ouachita 

Wateree 

Etowah 

Cumberland 

Ohio 

Hiwassee 

Great  Kanawha 

Mississippi 

Pedee  

Scioto 

Alabama 

Roanoke  

Clarion 

Clinch 

Duck 

Chattahoochee  . 

Tombigbee 

Youghiogheuy. . 

Waccamaw 

Big  W^arrior 

Red 

Dan 

Arkansas 

Ohio 

Miami 

Bayou  Macon . . . 

Tombigbee 

Mississippi 

Oconee 

Cumberland 

Edisto 

Lynchers  River . 

Heaver 

Chattahoochee  . 

Willamette 

Lumber 

Monongahela... 

Licking 

Cape  Fear 

Tennessee 

Allegheny 

Red 

Coosa 

Mississippi 

Monongahela... 

Mississippi 

Potomao 


Bejiorta  to — 


Atlanta. 
Portland,  Oreg. 
New  Orleans. 

Do. 
Vicksburg. 
St.  Louis. 
New  Orleans. 
St.  Louis. 
Atlanta. 
New  Orleans. 
St.  Louis. 
Pittsburg. 
Bismarck. 
Chattanooga. 
St.  Louis. 
Pittsburg. 
Lynchburg. 
Nashville. 
New  Orleans. 
Charleston. 
Atlanta. 
Nashville. 
Cincinnati. 
Chattanooga. 
Cincinnati. 
Cairo. 
Charleston. 
Cincinnati. 
Mou  tgomery. 
Raleigh. 
Pittsburg. 
Chattanooga. 
Cairo. 
Atlanta. 
Montgomery. 
Pittsburg. 
Charleston. 
Montgomery. 
New  Orleans. 
Raleigh. 
Little  Rock. 
Pittsburg. 
Cincinnati. 
New  Orleans. 
Montgomery. 
New  Orleans. 
Atlanta. 
Cairo. 
Charleston. 

Do. 
Pittsburg. 
Atlanta. 
Portland,  Oreg. 
Charleston. 
Pittsburg. 
Cincinnati. 
Raleigh. 
Cairo. 
Pittsburg. 
New  Orleans. 
Montgomery. 
St.  Louis. 
Pittsburg. 
Vicksburg. 
Waahington. 
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lAst  of  special  river  stations — Continned. 


Station. 


Helena,  Ark 

HonnanD,  Mo 

Hinton,  W.  Va 

Johnson ville,  Tenn 

Johnstown,  Pa 

Kicgston,  Tenn 

Kiugstree,  8.  C 

Kleinston,  Miss 

Lafayette,  Ind 

Leclaire,  Iowa 

Lockhaven,  Pa 

Lock  No.  4,  Pa 

Loudon,  Tenn 

Lonisa,  Ky 

Lonisiana,  Mo 

Lewistou,  Idaho 

Little  Dallas » 

ICaeon,  6a 

Mahonini^,  Pa 

Marietta,  Ohio 

Melville,  La 

Monroe,  La 

Morgantown,  W.  Va 

Mount  Carmel,  111 

Monnt- Vernon,  Ind 

Muscatine,  Iowa 

Natchez,  Miss 

Newport,  Ark 

Nortnport,  Wash 

North  McGregor,  Iowa . . . 

Oa  City,  Pa 

Padncah,  Ky , 

Parker,  Pa , 

Peoria,  111 

Philippi,  W.  Va 

Plattsmouth,  Nebr 

Point  Pleasant,  W.  Va... 

Portsmouth,  Ohio 

Radford,  Va 

Reeds  Landing,  Minn 

Red  Wing,  Minn 

Resaca,  Ga 

Reynolds,  Ga 

Richmond,  Va 

Rock  wood,  Tenn 

Rome,  Ga 

Rowlesbnrg,  \V.  Va 

St.  Joseph,  Mo 

St.  Paul.  Minn 

St.  Stephens,  S.  C 

Salem,  Oreg 

Saltsburg,  Pa 

Selinsgrove,  Pa 

Selma,  Ala 

Speers  Feny,  Va 

Spokane,  Wash 

Stoyestown,  Pa 

Strawberry  Plains,  Tenn. 

Sturdevant,  Ala 

Tallassee  Falls,  Ala 

Terre  Haute,  Ind 

The  Dalles,  Greg 

Towanda,  Pa 


Beports  to — 


Mississippi ... 

Missouri 

New 

Tennessee 

Stony  Creek.. 

Clinch 

Black 

Mississippi... 

Wabash 

Mississippi . . . 
Susquehanna. 
Monongabela, 
Holston , 


Big  Sandy., 
Mississippi , 
Clearwater 


Ocmulgee 

Allegheny 

Ohio 

Atchafalaya 

Ouachita 

Muuongahela 

Wabash 

Ohio 

Mississippi , 

do 

White 

Columbia 

Mississippi , 

Allegheny 

Ohio 

Allegheny 

Illinois 

Ty gaits  Valley  Creek 

Missouri , 

Ohio 

do 
New 
Mississippi 

do 
Oostanaula... 

Flint 

James 

Tennessee 

Coosa 

(^heat 

Missouri 

Mississippi ... 

Santee 

Willamette... 

Kiskiminitas 

SuR(|uehanna 

Alabama 

Clinch 

Spokane  .... 
('onemaugh  . 

Holston 

Tallapoosa  .. 

do 

Wabash 

Columbia 

Susquehanna 


Vicksburg. 

St.  Louis. 

Cincinnati. 

Cairo. 

Pittsburg. 

Chattanooga. 

Charleston. 

Vicksburg. 

Cairo. 

Davenport. 

Harrisburg. 

Pittsburg. 

Ciiattauooga. 

Cincinnati. 

St.  Louis. 

Portland,  Oreg. 

Atlanta. 
Pittsburg. 
Cincinnati. 
Now  Orleans. 

Do. 
Pittsburg. 
Cairo. 

Do. 
Davenport. 
New  Orleans. 
Vicksburg 
Portland,  Oreg. 
Davenport. 
Pittsburg. 
Cairo. 
Pittsburg. 
St.  Louis. 
Pittsburg. 
Omaha. 
Cincinnati. 

Do. 

Do. 
Davenport. 

Do. 
Atlanta. 

Do. 
Lvncliburg. 
ciiattauooga. 
Atlanta. 
Pittsburg. 
Omaha. 
St.  Paul. 
Charleston. 
Portland,  Oreg. 
Pittsburg. 
Harrisburg. 
Montgomery. 
Chattanooga. 
Portland,  Oreg. 
Pittsburg. 
Chattanooga. 
Montgomery. 

Do. 
Cairo. 

Portland,  Oreg. 
Harrisburg. 


^  See  Northport,  Wash. 
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List  of  special  river  stations — Continued. 


Station. 


Tuscaloosa,  Ala  .. 
Umatilla,  Oreg . . . 

Warren,  Pa 

Warsaw,  111 

Weiser,  Idaho 

Weldon,N.C 

Wenatchee,  Wash 
West  Newton,  Pa. 
Weston,  W.  Va... 

Wetumpka,  Ala . . 
Wheeling,  WJ.  Va. 
Whitesburg,  Ga.. 
Wilkesbarre,  Pa . . 
Wilsonville,  Ala.. 
Wittsburg,  Ark  . . 
Yazoo  City,  Miss . 
Zanesville,  Ohio.. 


Black  Warrior 

Columbia 

Allegheny 

Mississippi 

Snake 

Roanoke  

Columbia 

Youghiogheny 

West  Fork  Monouga- 
hela. 

Coosa 

Ohio 

Chattahoochee 

Susquehanna 

Coosa 

St.  Francis 

Yazoo 

Muskingum 


Reports  to — 


Montgomery. 
Portland,  Oreg. 
Pittsburg. 
St.  Louis. 
Portland,  Oreg. 
Baleigh. 
Portland,  Oreg. 
Pittsburg. 
Do. 

Montgomery. 

Pittsburg. 

Atlanta. 

Uarrisburg. 

Montgomery. 

Memphis. 

Vicksburg. 

Cincinnati. 


THE   S7STEM  OF  FLOOD  ^WARNINGS. 

There  are  now  (January  1,1896)  in  active  oi>eration  135  special  river 
stations,  44  rainfall  stations,  and  38  regular  river  stations.  The  special 
work  of  the  Weather  Bureau  in  connection  with  the  rivers  of  the  coun- 
try is  to  save  life  and  property  by  giving  timely  warning  of  floods. 

As  yet  the  rules  for  flood  forecasting  are  largely  empirical.  The 
observer  in  charge  of  any  river  center  is,  or  ought  to  be,  familiar  \^ith 
the  main  river  and  the  tributaries,  the  area  of  the  catchment  basin  and 
its  topography,  the  frequency  and  the  intensity  of  the  rainfall,  especi- 
ally the  intensity,  the  average  time  of  passage  of  the  flood  crest 
between  one  station  and  another,  and  the  history  of  past  rises. 
Knowledge  of  low-water  conditions,  especially  where  bars  and  shoals 
exist,  is  perhaps  of  equally  great  importance  as  the  knowledge  of  high 
water.  Constant  representations  are  made  by  steamboat  and  naviga- 
tion interests  that  low-water  conditions  continue  longer  and  affect  navi- 
gation more.  The  observer  is  often  able,  with  the  means  already 
referred  to,  to  give  the  desired  information;  but  his  chief  and  foremost 
duty,  in  view  of  the  fact  that  river  improvements  and  measurements 
are  otherwise  provided  for,  is  the  dissemination  of  warnings  when 
floods  threaten. 

RECORDS  OF  RIVER  STAGES. 


Kecords  of  river  stages  have  been  published  as  follows: 

"Regular  gauge  histories/'  including  readings  on  the  Missouri  River  gauges  from 
1872  to  1886,  hoth  inclusive.    Issued  by  the  Missouri  River  Commission. 

''Stages  of  the  Mississippi  River  from  Cairo  to  Carrollton,  preliminary  to  stages 
of  the  Mississippi  and  its  tributaries/'  including  readings  from  1871  to  1886,  both 
inolusive.    Issued  by  the  Mississippi  River  Commission. 


45 

''Stages  of  tho  Mississippi  River  above  Cairo  and  of  tlie  tribDtaries  of  the  Mis- 
sissippi Kiver,  except  the  Missouri  River/'  including  readings  from  1871  to  1886,  both 
inclusive.    I88ue<l  by  the  Mississippi  River  Commission,  1889. 

''Stages  of  the  Mississippi  River  and  of  its  principal  tributaries,  except  the  Mis- 
souri River,  for  1887  and  1888.''  Compiled  at  the  secretary's  office,  Mississippi  River 
Coumiission,  1889. 

^'Stages  of  the  Mississippi  River  and  of  its  principal  tributaries,  except  the  Mis- 
souri, for  1889."  Compiled  at  the  secretary's  office,  Mississippi  River  Commission, 
1890. 

''Missonri  River  Commission.  Stages  of  the  Missouri  River  from  St.  Charles,  Mo., 
to  Sioux  City,  Iowa."  Compiled  from  miscellaneous  and  regular  gauge  records, 
1886  to  1889,  both  inclusive.    Mississippi  River  Commission  print,  1890. 

"Stages  of  the  Mississippi  River  and  of  its  principal  tributaries,  except  the  Mis- 
soari  River,  for  1891."    Mississippi  River  Commission,  1892. 

"Stages  of  the  Mississippi  River  and  of  its  principal  tributaries,  except  the  Mis- 
souri River,  for  1692."    Mississippi  River  X^Jommission,  1893. 

.  "Stages  of  the  Mississippi  River  and  of  its  principal  tributaries,  except  the  Mis- 
souri River,  for  1893."    Mississippi  River  Commission,  1894. 

"Stages  of  the  Ohio  River  and  of  its  principal  tributaries,  1858  to  1889,  inclusive." 
Part  I.    Washington  City,  Signal  Office,  1890. 

"Stages  of  the  Mississippi  River  and  of  its  principal  tributaries,  except  the  Ohio 
River,  1860  to  1889,  both  inclusive."  Part  II.  Washington  City,  Weather  Bureau 
Office,  1891. 

"Stages  of  water  at  miscellaneous  river  stations  in  California,  Oregon,  North  Caro- 
lina, etc.,  1875  to  1889,  both  inclusive."  Part  III.  Washington  City,  Weather  Bureau 
Office,  1891. 

"Daily  river  stages  at  river- gauge  stations  on  the  principal  rivers  of  the  United 
States  for  the  years  1890-1892."    Part  IV.    Weather  Bureau,  1893. 

Report  of  the  Chief  Signal  Officer,  1891,  pages  67  to  260. 

Report  of  the  Chief  of  the  Weather  Bureau,  1891-92,  pages  483  to  504. 

From  the  data  thqs  collected,  covering  now  many  years  at  some 
stations  and  shorter  periods  at  others,  the  following  general  relations 
have  been  deduced : 

The  time  it  takes  high  water  to  pass  from  Pittsburg  to  Wheeling  is 
one  day;  from  Pittsburg  to  Parkersburg,  two  days;  from  Parkersbnrg 
to  Cincinnati,  three  days;  from  Cincinnati  to  Cairo,  six  days;  from 
Cairo  to  Vicksburg,  seven  days,  and  from  Vicksburg  to  New  Orleans, 
four  days.  From  Pittsburg,  therefore,  to  the  Gulf  requires  twenty-two 
days.  Since  the  time  of  travel  is  so  great,  it  naturally  follows  that 
many  interfering  conditions  arise  tending  to  accelerate  or  retard  the 
crest  of  the  flood  wave.    No  simple  time  rules  are,  therefore,  possible. 

The  volume  of  water  passing  any  given  station  in  a  given  time  is 
known  only  for  a  few  places,  and  varies,  of  course,  with  high  and  low 
water.  Nor  can  simple  rules  be  based,  upon  the  rainfall,  as  the  distri- 
bution over  the  drainage  area  is  not  always  determinable. 
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Omitting  for  the  present  the  rainfall  relations,  we  find  the  following 
general  relations  concerning  the  movement  of  the  water : 

TABLES  OF    DISTANCES,  BIVEB    TEIBUTABIES,  AND  BATE  OF  FLOOD 

MOVEMENT. 

Beginning  with  the  head  of  navigation  on  the  Mississippi,  St.  Paul, 
Minn.,  we  have, the  following: 


MiflMiHBippi  Kivor: 

(1)  St.  Paul 

(2)  lied  Wing 

(3)  Keeds  Landing 

(4)  La  CrosHe 

(5)  North  McGregor 

(6)  Dubuque 

(7)  Leo.laire 

(8)  Davenport 

(9)  MuAcatine 

(10)  Keokuk 

(11)  Warsaw 

(12)  Quincy 

(13)  Hannibal 

(U)  Loni8iana, Mo 

(15)  St.  Loui8 

(16)  Cape  Girardeau 

(17)  Cairo  (on  tlie  Ohio,  1  mile  from  mouth) 

(18)  Memphis 

(19)  IMeiia 

(20)  Arkaiisan  City 

(21)  Greenville 

(22)  VickHburg 

(23)  Kk'inston 

(24)  BayonSara 

(25)  New  Orleans 


Dintance  by  river 

channel  from— 

Gulf. 

Cairo. 

MiUs. 

MUes. 

2,057 

917 

1,998 

858 

1,966 

826 

1,867 

727 

1.819 

679 

1,759 

619 

1,669 

529 

1,65:1 

513 

1, 622 

482 

1,523 

383 

1,518 

378 

1.482 

842 

1,462 

322 

1,433 

293 

1.321 

181 

1,183 

43 

1,140 

010 

230 

834 

306 

702 

438 

662 

478 

541 

599 

536 

604 

340 

800 

108 

•    1,032 

Number  of 

days  it 
takes  high 
water  to 
pass  be- 
tween sta- 
tions. 


Knmber  of 
days  to 

pass  fhmi 
station 

to  Cairo. 


S» 
?' 
P 

5 
5 

I 

2 
i 


118 
>11 
»10 
>9 
18 
16 
16 
U 
12 


1  Number  of  days  from  station  to  mouth  of  rivor. 

Ydzoo. — Yazoo  City,  Miss.,  65  miles  to  mouth  of  river;  time  of  move- 
ment of  water  from  station  to  mouth  of  river,  two- thirds  of  a  day. 

St  Francis, — Wittsburg,  Ark.,  180  miles,  and  two  and  one-fourth 
days. 

Illinois. — Beardstown,  111.,  76  miles  from  station  to  mouth  of  river; 
time,  one  day.    Peoria,  111.,  141  miles;  time,  two  days. 

Des  Moines. — Des  Moines,  Iowa,  175  miles;  time,  two  days. 

White. — Newport,  Ark.,  175  miles  to  Arkansas  City  (877  mUes  to 
Gulf) ;  time,  two  days. 
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OhfoIUver: 

Pittabnre 

Dftvis  Island  Dam 
Wheeling,  W.  Va. 

Marietta 

Parkeraburg , 

Point  Pleaaant. . . . 

Catlettabnrg 

Portsmoath 

Cincinnati 

LoaisTille 

Evanaville 

Moont  Vernon .... 

Padacah 

Cairo 


Wabaab : 

Lafayette 

Mount  Carmel 

Terre  Haute , 

Miami: 

Dayton,  Ohio , 

Licking : 

Fabnontb,  Ky 

Scioto: 

CiT«leTille,Ohio... 
Big  Sandy: 

Loaiaa,Ky 

Great  Kanawha: 

Charleston,  W.  Ya 

Hinton,  W.Va.... 

Badford,ya 

Mnakingnm : 

Zaneaville,  Ohio. . . 
Beaver: 

Elwood  Janction . . 
Allegheny : 

wanen.Pa 

OllClty.Pa 

Parker.  Pa 

Mahoning.  Pa 

Freeport,Pa 

Pittabarg,Pa 


Dlfitanoe  by  river 

channel  from— 

Gulf. 

Cairo. 

MUe$. 

MiUs. 

2, 105. 5 

965.5 

2,100 

960 

2.015 

875 

1.935 

795 

1.925 

785 

1,843 

703 

1.791 

651 

1,752 

612 

1,639 

499 

1,507 

367 

1,324 

184 

1,288 

148 

1,187 

47 

1,141 

1 

Movement 
to  Cairo. 


Day$. 
11 


Movement 
between 
atatiouB. 


Dayt, 


Distance  from— 


Gulf. 


Cairo. 


MiUt. 
1,466 
1,318 
1,408 

1,095 

1,669 

1,817 

1,816 

1,904 
1,999 
2,049 

2,000 

2,092 

2,272 
2,218 
2,178 
2,155 
2,131 
2,105 


Milts. 
326 

178 
268 

555 

529 

677 

670 

764 
859 
900 

860 

952 

1,132 
1,078 
1,038 
1,015 
991 
965 


The  Ohio. 


MiUs. 
198 
50 
140 

69 

30 

65 

26 

61 
156 
206 

65 

12 

1«7 

113 

73 

50 

26 


Movement  to — 


The  Ohio. 


I>ay». 


H 
1 


^1 

I 

2    ! 

m 


Cairo. 


Dayt. 


'I 


i  I 


I* 
3* 

H 
8 

H 
10 

11 

10 

18 

12i 

12 

111 
11 


The  Allegheny  and  Monongahela  form  the  Ohio  at  Pittsburg.    The 
Kiskiminetas,  Bed  Bank,  and  Clarion  are  tributaries  of  the  Allegheny. 


Kisldmljietaa: 

Saltabnrg,Pa 

BedBank:^,, 

BrookT{lle,Pa... 

Clarion: 

Clarion. Pa 

Stony  Creek: 

jolinato wn.  Pa ... . 

Stoye8town,PaJ 


Gulf. 


MOm. 
2,153 

2,196 

2,202 

2,220 


Distance  from — 


Movement  to — 


Cairo. 


MiUt. 
1,013 

1,056 

1,062 

1.031 


MUet. 


48 
91 
97 
90 


Milet. 
22 

30 

19 

64 


Dayt. 
\ 

1 
1 
1 


Pitteburg.'Allegheny.i  The  Ohio.  I    Cairo. 


Days. 
Ill 

12 
12 

12* 


1  About  15  miles  aoath  of  Johnstown,  on  the  Conemaugh. 
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TygartB  Valley  Kiver,  Cheat,  and  Youghiogheny  empty  into  the 
Monongahela. 


Monongahola: 

Weston,  W.Va 

Fairmont,  W.  Va 

Morgantown,  W.  Va. 

Greensboro,  Pa 

Lock  No.  4,  Pa 


Tygarta  Valley  River: 

T»hiUppi,^.Va.... 
Cheat: 

Bowlesbnrg,  W.  Va 
Youghiogheny  : 

West  Newton,  Pa . . 

Confluence,  Pa 


• 

Distance  froi 

Gulf. 
MUe*. 

Cairo. 

MiUa. 

2,266 

1,126 

2,224 

1,065 

2,200 

1,060 

2,186 

1,046 

2,145 

1,005 

Movement  to — 


TlieOhio.   The  Ohio 


Cairo. 


Tennessee : 

Knoxville,  Tenn  . . . 

Loadon,  Tenn 

Kockwood,  Tenn . . . 
Chattanooga,  Tenn 

Florence,  Ala 

Johnsonville,  Tenn 


Distance  ftxmi— 


Gulf. 


MUe». 
2,260 

2,226 

2,136 
2,180 


The 
Ohio. 


155 

121 

31 
75 


The  Mo- 
nongahela. 


Milet. 


36 

40 

10 
65 


Movement  to — 

The  Ohio. 

Cairo. 

Days. 

Days. 
121 

n 

12* 

1 

lU 
HI 

Distance  ftom — 


Gulf. 


MUes. 
1.781 
1,723 
.1,085 
1,596 
1,361 
1,235 


Cairo. 


MUes. 
640 
582 
544 
455 
220 
04 


Distance 

Movement 

to  Cairo. 

From 

Cairo. 

Days 

Miles. 

7 

680 

«i 

624 

H 

584 

5 

495 

8 

266 

U 

140 

To  mouth 
of  river. 


Movement 
from  station 
to  mouth  of 
river. 


MUes. 
640 
582 
544 
455 
220 
04 


Days. 


5 

a 


The  Duck,  Hiwassee,  Clinch,  and  Holston  empty  into  the  Tennessee. 


Duok: 

Columbia,  Tenn 

Hiwassee : 

Charleston,  Tenn 

Clinch : 

Kingston,  Tenn 

Clinton,  Tenn 

Speers  Ferry,  Va 

Holstou : 

Strawberry  Plains,  Tenn 

Bluif  City  (South  Fork),  Tenn 


Distance  Time  to 
to  mouth  mouth  of 
of  river.  ,    river. 


Miles. 
70 


18 

5 
61 


20 


Days. 


The  Cumberland  empties  into  the  Ohio. 


Cumberland : 

Barnside,Ky... 
Carthage,  Tenn. 
Nashville,  Tenn 
Kddy  ville,  Ky . . 


Distance  from — 


Cairo. 


Mouth  of 
river. 


MUes. 
474 
297 
215 


MUes. 

404 

227 

145 

30 


Time  to 

month  of 

liver. 


Days. 


5 

1 
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The  Arkansas  empties  into  the  Mississippi. 


Arkansas: 

Fort  Smith,  Ark. 
Dardanelle,  Ark . 
LitUo  Kock,  Ark 


Distance  from — 


Gulf. 


Month  of 
river. 


Miles. 
1,095 
1,000 
920 


Miles. 
351 
256 
176 


Time  to 

month  of 

river. 


Bays. 


4 


The  Hissonri : 

Fort  Bnford,  Mont 

Bisiuarck,  N.  Dak 

Pierre,  S.  Dak 

Yankton,  S.  Dak 

Sioux  City,  Iowa 

Omaha,  Nebr 

Plattsmonth,  Nebr 

St.  Joeepb,  Mo 

Kansas  Oitv,  Mo 

BoonvilIe,Mo 

Hermann,  Mo 

The  Gasconade: 

Arlington,  Mo 

The  Osage : 

Bagnell,Mo 

The  James : 

Lynchburg,  Va 

Klchmond,  Va 

Bachanan,  Va 

Savannah : 

Augusta,  6a 

Potomac  : 

Harpers  Ferry,  W.  Va. 

Washington,  D.C 


Dist-ance 
by  river 
cnannel 
to  moatli 
of  river. 


MiUs. 
1,663 
1,327 
1,132 


802 
667 
639 
479 
386 
197 
101 

65 

65 

251 

104 

09 


164 
104 


Time  to 

mouth 

of  river. 


Days. 


8 

ei 

«4 
6 

4 


3 

U 
1 


The  Shenandoah : 

Riverton,  Va 

The  Susquehanna: 

Towanda,  Pa 

Wilkesbarre,  Pa 

Selinsgrove,  Pa 

Harrinburg,  Pa 

TVest  Branch  of  Susque- 
hanna : 

Lock  Haven,  Pa 

The  Atchafalaya : 

Melville,  La 

The  Red: 

Arthur  City,  Tex 

Fulton,  Ark 

Shre vept)rt,  La 

Coushatta,  La 

Alexandria,  La 

The  Ouachita: 

Camden.  Ark 

Monroe,  La 

Bayou  Bceuf : 

GIrard,  La 

Bayou  Macon : 

Delhi,  La 


Distance 
by  river 
channel 
to  moutii 
of  river. 


Miles. 
45 

256 

181 

117 

72 


65 

96 

799 
670 
449 
299 
139 

485 
271 

245 

275 


Time  to 

mouth 

of  river. 


Days. 


8 

? 


The  Etowah  and  Oostanaala  fonn  the  Ooosa;  the  Coosa  and  Talla- 
poosa form  the  Alabama;  the  Locust  and  Mulberry  forks  form  the  Black 
Warrior,  which  empties  into  the  Torabigbeej  the  Alabama  and  the 
Tombigbee  form  the  Mobile. 


The  Alabama : 

Montgomery,  Ala 

Selma,  Ala 

Claiborne,  Ala.... 

The  Coosa: 

Wilsonville,Ala.. 

Gadsden,  Ala 

Rome,Ga 

The  Tallapoosa: 

Sturdevant,  Ala . . 
TaUassee,Ala.... 


Distance 

by  water 

to  mouth 

of  river. 


MiXes, 
215 
117 
46 

75 
135 
216 

54 
20 


Time  to  ■ 
moil  til    I 
of  river 


Days. 


2i 

1 


1 
24 

\ 


The  Oostenaula: 

Rosacn.  Gu 

The  EtoTTah : 

Canton,  Ga. 

The  Tombigbee: 

Columbus,  Miss 

DemopoliH,  Miss 

The  Black  Warrior: 

Tuscaloosa,  Ala 

Mulberry  Fork  of  Black 
Warrior : 

Cordova,  Ala 


Distance 
by  water 
to  mouth 
of  river. 


MiU4t. 

30 

55 

295 
135 

131 


50 


Time  to 

mouth 

of  river. 


Days. 


The  Sacramento  and  San  Joaquin  drain  the  Great  Central  Valley  of 
California  into  Suisun  Bay,  the  former  bringing  its  water  from  the 
north,  the  other  from  the  south.    Ksirquines  Strait  connects  Suisun 
Bay  to  San  Pablo  Bay  and  San  Francisco  Bay. 
1050»— No.  17 i 
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THE  SACRAMENTO. 


Its  tributaries  are  tbe  Featlier,  Butte  Creek,  Table  Mountain  Creek, 
Chico  Pine,  Dry  Deer,  Mud,  Little  Antelope,  Big  Antelope,  and  Salt, 


THE   SAN  JOAQUIN. 


Main  tributaries  are  the  Calaveras,  Tuolumne,  Orestimba,  Merced, 
.Fresno,  and  Kings  lliver  Slough. 


THE  COLUMBIA. 


Main  tributaries  are  the  Willamette,  in  western  Oregon;  the  Snake, 
in  Idaho;  the  Kootenai,  in  Montana,  and  Lake  Fend  Oreille,  in  northern 
Idaho. 


TheColambia: 

Northport 

Wenatchee 

Umatilia 

The  Snake : 

Weieer 

Lewiaton 


Distance 

from 
Portland. 


MOss. 
509 
359 
187 

427 


NOTES  ON  RIVERS  AND  FLOODS. 

The  following  notes  on  river^  and  floods  are  furnished  by  Weather 
Bureau  ofldcials  in  charge  of  river  stations: 

ALBANY,  N.  Y. 

By  Mr.  A.  F.  Sims,  Observer. 

The  fountain  head  of  the  Hudson  River  is  a  small  pool  on  the  gouthem  slope  of 
Mount  Marcy,  4,326  feet  above  the  sea,  and  known  as  Summit  Lake,  Summit  Water, 
or  Lake  Tear  of  the  Clouds. 

The  Hudson  River  from  its  source  to  its  mouth  lies  within  the  deep  valley  which 
terminates  the  east-em  table-land  of  the  Appalachian  system.  *  On  its  watershed  are 
mountain  chains  more  or  less  isolated  from  each  other  and  bearing  the  highest  sum- 
mits in  the  State.  They  are  the  Highlands,  which  cross  the  Hudson  at  the  limit  of 
the  coast  region ;  Shawauguiik  and  Catskill  Mountains  on  the  western  bank  of  the 
river,  and  the  system  of  the  Adirondacks  covering  the  territory  between  the  St. 
Lawrence  and  Champlain  valleys. 

The  Hudson  Volley  region  is  a  long,  narrow  strip  of  land  on  both  sides  of  the 
Hudson,  surrounded  first  by  hills  and  low  table-lands  as  far  as  the  gorges,  where  the 
river  crosses  tbe  Highlands. 

llie  valley  widens  higher  up  into  the  extensive  plains  on  the  eastern  side  of  the 
river. 

Notwithstanding  this  low  situation,  its  climate  is  severe,  owing  to  the  cold  north- 
em  winds  which  blow  from  Canada  and  Labrador  along  the  open  valley  of  Lake 
Champlain. 

The  Mohawk  Valley  is  a  deep  transversal  cut;  its  river  is  the  principal  feeder  to 
the  Hudson  north  of  Albany. 


51 

The  principal  water  power  in  Albany  County  is  supplied  by  the  Mohawk  Birer  at 
Cohoes,  N.  Y.  The  Mohawk  is  about  175  miles  long  and  drains  a  territory  which  is 
on  an  average  20  miles  wide.  The  total  drainage  area  is  thus  about  3,500  square 
miles. 

The  average  volume  of  the  Hudson  at  Albany,  N.  Y.,  is  estimated  to  be  618,111 
cubic  feet  per  minute,  equal  to  an  average  daily  flow  of  6,677,000,000  gallons,  the 
minimum  being  1,829,000,000  in  July,  and  the  maximum  12,330,000,000  in  March. 


AUGUSTA,  GA. 

By  Mr.  D.  FiSHVR,  Obserwr. 

The  following  rain-reporting  stations  are  now  in  operation  in  the  up  river  country : 
Anderson,  S.  C,  established  January  13, 1892;  Elberton,  Ga.,  established  December 
1,  1891;  Greenwood,  S.  C,  established  December  1, 1892;  Mount  Carmel,  S.  C, 
established  January  13, 1892 ;  Toccoa,  Ga.,  established  December  1, 1891 ;  Washing- 
ton, Ga.,  established  December  1,  1891. 

When  the  river  is  10  feet  or  lower,  the  following  average  of  rain  throughout  the 
upper  valley  will  give  a  river  as  indicated  below : 

Inches  of  rain  required  in  a  given  number  of  hours  to  produce  different  stages  of  the  river. 


Kainfall. 

Nnmber 
of  hoars. 

Stage  of 
river. 

BaiDfall. 

Number 
of  hours. 

Stage  of 
river. 

JneheM. 

Feet. 

Inehe* 

Feet. 

1.50 

24 

20.0 

4.50 

48 

30.5 

2.00 

24 

24.0 

5.00 

48 

31.5 

2.50 

24 

26.0 

6.50 

48 

32.0 

3.00 

24 

28.0 

6.00 

48 

33.5 

8.50 

24 

30.0 

6.50 

48 

84.5 

.  4.00 

24 

81.5 

7.00 

48 

85.5 

4.50 

24 

32.5 

1.50 

72 

16.0 

5.00 

24 

33.5 

2.00 

72 

20.0 

5.50 

24 

34.5 

2.50 

72 

22.0 

6.00 

24 

35.5 

8.00 

72 

24.0 

6.30 

24 

36.5 

8.50 

72 

26.0 

7.00 

24 

37.5 

4.00 

72 

27.5 

1.50 

48 

18.0 

4.50 

72 

28.5 

2.00 

48 

22.0 

6.00 

72 

29.5 

2.50 

48 

24.0 

5.30 

72 

30.5 

8.00 

48 

26.0 

6.00 

72 

81.5 

3.50 

48 

28.0 

6.30 

72 

32.5 

4.00 

48 

29.5 

7.00 

72 

33.5 

Discharge  of  the  river  at  various  stages, 

Cnblo  feet. 

30  feet 89,000 

35.1  feet 165,000 

40.1  feet 370,000 

Area  of  watershed  above  Augusta,  7,294  square  miles.  The  above  data  were  deter- 
mined by  myself  after  careful  consideration  of  all  facts  and  from  surveys  in  1888 
and  1889,  and  are  believed  to  be  substantially  correct,  conflicting  statements  to  the 
contrary  notwithstanding. 

[Correction  by  Mr.  George  W.  Brown,  civil  engineer  office,  Florence,  Ala.] 

Height  of  zero  of  gauge  above  mean  low  water,  Savannah,  Ga.,  103.83  feet;  low 
water  on  gauge  (since  1888),  5.8;  highest  water  known,  38.7  feet  (September  11, 
1888) ;  low  water  flow  at  Augusta,  3,800  cubic  feet  per  second;  high  water  discharge 
at  Augusta  (September  11, 1888),  305,000  cubic  feet  per  second. 
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The  following  table  shows  the  discharge  of  the  river  at  Augusta,  Ga.,  for  yarious 
heights  on  the  gauge  (since  1888) : 


Height  of 

Discharge 

Height  of 

Discharge 

river. 

per  Hecond. 

river. 

per  second. 

Feet. 

Cubiefeet. 

Feet. 

Cubic  feet. 

5 

3,000 

14 

20,000 

6 

4,000 

15 

22,700 

7 

6,210 

16 

25,500 

8 

6,600 

17 

28.700 

9 

8,400 

18 

32,100 

10 

10.400 

19 

35, 500 

11 

12,600 

20 

39,000 

12 

14,900 

25 

60,000 

13 

17,300 

ATIiANTA,  GA. 

By  Mr.  Georqb  S.  Hunt,  Local  Foreeaet  Official. 

Eight  streams  comprise  the  system  of  rivers  under  the  regimen  of  the  Atlanta 
station,  viz :  The  Oostanaula,  Etowah,  Coosa,  Chattahoochee,  Flint,  Ocmulgee,  Oco- 
nee, and  Altamaha. 

The  total  length  of  these  rivers  aggregates  about  1,600  miles;  the  total  navigable 
length  of  all  of  them  is  about  800  miles,  as  follows: 

Altamaha,  length,  70  miles;  navigable,  70  miles;  basin  area,  including  that  of  its 
two  confluents,  the  Ocmulgee  and  Oconee,  about  14,000  square  miles. 

Ocmulgee,  length,  300  miles ;  navigable,  40  miles. 

Oconee,  length,  300  miles;  navigable,  40  miles. 

Chattahoochee,  length,  450  miles;  navigable,  300  miles;  its  basin  area  is  about 
6,900  square  miles. 

Flint,  length,  300  miles;  navigable,  250;  basin  area,  about  9,5QP  square  miles. 

Etowah,  length,  about  100  miles ;  not  navigable. 

Oostanaula,  navigable  about  80  miles;  the  drainage  area  of  the  Oostanaula  and 
Etowah  combined  is  about  3,700  square  miles. 

To  properly  understand  the  above  streams  a  glance  at  a  topographical  map  of  the 
State  is  necessary.  A  great  ridge  of  hills  or  low  mountains  passes  firom  north  to 
south  almost  centrally  through  Georgia.  This  is  a  part  of  the  long,  irregular  eastern 
edge  of  the  great  Mississippi  Basin.  A  second  ridge  separates  tho  Mississippi  Valley 
from  the  Gulf  Slope.  This,  the  southern  edge  of  the  Mississippi  Basin,  also  passes . 
through  the  northern  portion  of  Georgia,  the  two  ridges  meeting  in  the  northeast 
comer  of  the  State.  It  is  said  that  at  this  critical  point  an  umbrella  held  in  a  shower 
of  rain  sheds  the  water  so  that  one  part  reaches  the  Atlantic  near  Savannah,  a  second 
part  the  Gulf  at  Apalachicola,  while  a  third  enters  the  Gulf  below  New  Orleans, 
having  passed  through  the  Hiwassee,  Tennessee,  Ohio,  and  Mississippi  rivers.  It  is 
thus  seen  that  Georgia  participates  in  three  great  basins,  determined  by  the  ridges 
of  watersheds  just  described.  Of  her  surface  there  are  in  the  Atlantic  Slope  about 
32,000  square  miles,  the  Gulf  Slope  about  25,700  square  miles,  and  the  Mississippi 
Valley  about  850  square  miles,  over  one-half  of  her  surface  drainage  flowing  into  the 
Atlantic. 

The  Coosa  River,  in  the  extreme  northwest  portion  of  the  State,  is  formed  at  Rome 
by  the  junction  of  the  Oostanaula  and  Etowah  rivers,  and  flows  due  westward  into 
Alabama,  traversing  but  a  single  county  in  Georgia.  The  conflueuts  of  the  Coosa, 
having  the  mountains  of  eastern  Tennessee  and  north  Georgia  for  watersheds,  flow 
down  almost  as  ft'om  the  apex  of  a  cone,  and  draining,  as  at  least  one  of  them  does, 
a  portion  of  north  Georgia  subject  to  an  annual  rainfall  of  over  60  inches,  causes 
Rome  to  be  the  point  most  exposed  to  flood  damage  of  all  places  in  Georgia.  In  addi- 
tion to  the  gauge  at  Rome  this  service  has  one  on  the  Oostanaula,  at  Resaca,  30  miles 
above  Rome,  and  another  on  the  Etowah,  at  Canton,  48  miles  above  Rome.    Rains 
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at  the  head  waters  or  along  these  streams  affect  the  Coosa  at  Rome  within  twenty- 
fonr  honrS;  and  the  maximum  rise  resulting  from  them  usually  occurs  within  forty- 
eight  hours.  It  appears,  irom  an  examination  of  all  the  accessible  data,  that  rises 
in  the  Oostanaula  are  more  sudden  than  those  in  the  Etowah,  and  that  they  reach 
Rome  slightly  in  advance  of  those  in  the  latter  river.  On  December  26, 1894,  heavy 
rains  fell  at  voluntary  State  weather  service  stations  located  near  the  head  waters 
of  the  Oostanaula.  On  the  morning  of  that  date  the  river  at  Resaca  stood  2.1  feet 
on  the  gauge,  and  the  Coosa  at  Rome  1.6  feet.  By  the  morning  of  the  27th  the 
Oostanaula  had  risen  11  feet  at  Resaca,  and  the  Coosa  7  feet  at  Rome.  By  the  morn^ 
ing  of  the  28th  there  was  a  further  rise  of  3  feet  at  Rome,  while  at  Resaca  the  Oosta- 
naula had  begun  to  fall.  During  the  period  of  the  above  changes  in  the  Oostanaula 
the  rise  in  the  Etowah  amounted  to  only  1  foot.  This,  however,  is  a  very  rare  occur- 
rence, both  rivers  usually  rising  at  or  near  the  same  time  as  to  make  little  difference 
in  the  effects  of  such  rises  upon  the  Coosa  at  Rome.  In  fact,  in  no  instance  do  the 
records  at  this  office  show  a  rise  of  any  consequence  in  one  of  these  streams  without 
a  corresponding  rise  in  the  other.  Their  head  waters  are  not  very  far  apart,  but  while 
the  Oostanaula  flows  almost  due  southward,  the  Etowah  makes  a  grand  sweep  south- 
ward, after  which  it  flows  westerly,  its  course  resembling  somewhat  an  immense 
horseshoe.  On  the  9th  and  lOLh  of  December,  1894,  voluntary  observers  about  the 
head  waters  and  along  both  streams  reported  heavy  rains.  By  the  morning  of  the 
29th the  Oostanaula  had  risen  over  9  feet  at  Resaca;  the  Etowah,  at  Canton,  6  feet  5 
inches,  and  the  Coosa,  at  Rome,  12  feet  4  inches.  On  the  morning  of  the  13th  the 
crest  of  the  freshet  had  reached  Rome,  causing  a  further  rise  pf  2  feet  6  inches  in  the 
Coosa  at  that  point. 

The  Chattahoochee  River  has  its  source  in  the  mountains  of  north  central  Georgia, 
flowing  for  the  first  hundred  miles  or  over  in  a  southwesterly  direction  along  a  narrow 
valley  with  mountainous  watersheds  on  each  side.  From  a  point  nearly  due  west 
from  Atlanta  its  valley  widens  out  to  the  east,  the  mountains  on  that  side  receding 
and  dwindling  into  low  hills,  but  on  the  west  side  its  valley  continues  narrow,  the 
river  hugging  the  base  of  the  mountains  for  a  considerable  distance  farther  south. 
Freshets  occurring  in  the  river  north  of  Atlanta  do  but  little  damage,  the  valley 
being  narrow  and  containing  but  little  arable  land.  For  quite  a  long  stretch 
between  Atlanta  and  the  Alabama  line  the  country  along  the  river  is  flat  and  subject 
to  damaging  floods.  It  should  be  remembered  that  the  Chattahoochee  is  the  boundary 
line  between  the  States  of  Alabama  and  Georgia  for  a  distance  of  about  half  the 
length  of  the  two  States.  From  the  Alabama  line  to  Columbus,  a  distance  of  about 
30  miles,  there  is  a  fall  of  362  feet,  making  the  river  dangerous  at  and  just  below 
the  latter  place.  This  service  has  three  gauges  on  the  Chattahoochee;  the  first  at 
Whitesburg,  about  40  miles  below  a  point  7  miles  due  west  of  Atlanta;  the  second 
at  Columbus,  80  miles  below  Whitesburg;  and  the  third  at  Eufaula,  Ala.,  about  50 
miles  below  Columbus.  Rains  at  Atlanta  and  along  the  water  sheds  north  of  that 
city  cause  a  rise  at  Whitesburg  within  from  sixteen  to  twenty-four  hours,  and  the 
crest  of  the  freshet  always  passes  from  Whitesburg  to  Columbus  within  less  than 
twenty-four  hours,  and  from  Columbus  to  Eufaula  in  considerable  less  time  than 
twenty-four  hours.  The  river  seldom  overflows  its' banks  in  the  vicinity  of  Eufaula, 
but  damaging  floods  occur  both  above  and  below  that  place. 

The  Flint  River  rises  in  western  Georgia,  just  south  of  the  source  of  the  Chat- 
tahoochee, emptying  into  the  latter  stream  in  the  extreme  southwest  comer  of  the 
State.  This  service  has  three  gauges  on  the  Flint,  the  first  being  at  Reynolds,  a 
point  located  about  100  miles  south  of  its  source,  the  second  at  Albany,  80  miles 
below  Reynolds,  and  a  third  at  Bainbridge,  60  miles  below  Albany.  Rains  about 
the  headwaters  of  the  Flint  affect  the  gauge  readings  at  Reynolds  within  tweni;y- 
four  hours,  but  from  that  point  to  Albany  the  current  is  sluggish,  and  the  crest  of  a 
freshet  is  generally  two  days  in  passing  to  Albany,  and  much  longer  than  that  when 
the  floods  are  very  high.    There  is  no  instance  on  record  when  the  mftYimnTn  effeots 
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of  a  freshet  were  noted  at  Albany  within  less  than  foar  days  after  being  reported  at 
Reynolds.  The  crest  of  a  freshet  is  about  twenty-fonr  hoars  in  passing  from  Albany 
to  Bainbridge. 

The  Altamaha  River  is  formed  in  the  southeastern  portion  of  the  State  by  the 
Junction  of  the  Ocmalgee  and  Oconee  rivers.  It  is  a  navigable  stream  70  miles  long. 
As  this  service  has  no  gauge  on  the  Altamaha,  it  is  impossible  to  estimate  the  effects 
upon  it  of  freshets  in  its  confluents.  The  course  of  the  Altamaha  is  southeastward 
through  a  very  flat  section  of  the  State. 

The  Ocmalgee  River  rises  in  north  central  Georgia,  about  50  miles  northeast  of  the 
source  of  the  Flint  River.  The  only  gauge  the  service  has  on  this  stream  is  at 
Macon,  a  place  about  half  the  distance  between  its  source  and  junction  with  the 
Oconee.  Rains  about  its  headwaters  affect  the  gauge  at  Macon  within  twenty-fonr 
hours.  The  country  through  which  this  river  flows  is  very  flat,  and  except  the 
country  along  the  Coosa,  at  Rome,  experiences  the  most  damaging  floods  in  the  State. 
The  rises  at  Macon  are  unusually  sudden,  frequently  doing  much  damage  in  that 
city.  Last  January  there  was  a  rise  at  Macon  of  12  feet  within  less  than  sixteen 
hours.    The  falls  are  as  rapid  as  the  rises. 

The  Oconee  River  rises  about  40  miles  east  of  the  source  of  the  Ocmulgee  and  flows 
southerly,  almost  parallel  with  that  stream,  to  the  point  of  their  j  unction.  The  only 
gauge  on  the  Oconee  is  at  Dublin,  about  40  miles  above  its  junction.  Rains  along 
its  headwaters  cause  a  rise  at  Dublin  within  twenty-four  hours,  the  maximum  effects 
of  such  rains,  however,  not  occurring  until  four  days  after  anything  like  general 
rains  have  ended.    The  danger  line  at  Dublin  is  17  feet  on  the  gauge. 

The  danger  lines,  high- water  marks,  etc.,  as  published  in  ''Daily  river  stages  at 
river  gauge  stations  on  the  principal  rivers  of  the  United  States  for  the  years 
1890-92,  Part  IV,"  remain  unchanged. 

The  most  dangerous  periods  on  all  the  rivers  in  Georgia  are  during  the  spring  and 
early  summer,  and  the  crops  most  damaged  are  corn  and  cotton.  In  the  northern 
portion  of  the  State  floods  frequently  delay  the  planting  of  corn  and  other  early 
crops. 

CAIRO,  IJjIj. 

By  W.  T.  Bltthe,  Loeal  Foreecut  Ogleidl. 

Approaching  Evansvllle  f^om  the  sooth,  the  Ohio  River  makes  a  sharp  curve  and 
raus  southeast  from  that  city  about  4  miles,  then  curves  southeasterly  4  miles,  sonth 
1  mile,  southwest  5  miles,  northwest  2  miles,  north  by  east  4  miles  to  Cypress  Bend, 
where  a  sharp  curve  is  made  to  west  by  south.  (From  a  point  about  4  miles  below 
Evansville  to  Cypress  Bend,  the  air-line  distance  in  a  southwest  direction  is  about 
3  miles,  while  the  distance  by  river  is  about  17  miles. )  From  Cypress  Bend  to  Walnnt 
Bend,  9  miles,  or  3  miles  below  foot  of  Diamond  Island,  the  course  is  west  by  south ; 
from  Walnut  Bend  to  Mount  Vernon,  5  miles,  northwest;  from  Mount  Vernon  to 
Uniontowu,  Ky.,  about  13  miles,  south  by  west;  and  from  Uniontown  to  mouth  of 
Wabash  River,  6  miles,  northwest ;  from  the  mouth  of  the  Wabash  River  southwest, 
13  miles;  thence  south  by  east  to  Tradewater  Bar,  12  miles;  there  it  curves  sonth- 
west  to  Weston,  Ky.,  2  miles;  from  Weston,  Ky.,  its  course  is  almost  due  west  to 
Elizabeth  town,  111.,  13  miles;  from  Elizabethtown,  southwest,  4  miles  to  Irish 
Jimmies  Bar;  thence  northwest  3  miles  to  Grand  Pier  Bar;  from  Grand  Pier  Bar, 
southwest,  4  miles;  thence  south  by  west,  8  miles,  to  Sisters  Island;  thence  south 
by  east  to  the  month  of  the  Cumberland  River  at  Smithland,  about  11  miles;  f^om 
Smithland,  southwest,  6  miles;  thence  northwest  passing  Paducah,  Ky.,  and  Brook- 
lyn, 111.,  to  head  of  Grand  Chain,  a  distance  of  30  miles;  from  the  head  of  Grand 
Chain  its  direction  is  southwest,  passing  Caledonia,  111.,  8  miles.  Mound  City,  111., 
16  miles,  to  a  point  4  miles  below  Mound  City  and  1  mile  above  Cairo,  where  it 
curves  to  the  sonth  and  easterly,  passing  Cairo,  and  empties  into  the  Mississippi 
1  mile  below  Cairo,  running  southeast. 
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PRINCIPAL  AFFLUSMTS  OF  THA  OUIO  RIVER  BKLOW   CINCINNATI,  OHIO. 

Kentncky  River  enters  at  Carrollton,  Ky.,  about  60  miles  above  Louisville.  Its 
north  and  south  forks  rise  in  the  Camberland  Mountains  and  unite  at  Proctor,  Ky. 
Its  length,  exclusive  of  branches,  is  estimated  at  250  miles,  or,  including  the  North 
Fork,  about  350  miles. 

Green  River,  Kentucky,  which  is  about  350  miles  long,  navigable  for  small  steam- 
boats for  about  150  miles  from  its  mouth,  and  drains  the  greater  portion  of  central 
Kentucky,  empties  into  the  Ohio  8  miles  above  Evausville.  (The  greatest  length  of 
Green  River  is  erroneously  stated  in  Annual  Report  Chief  Signal  Officer,  1891,  page 
222,  to  be  175  miles.) 
The  rivers  and  principal  creeks  emptying  into  the  Ohio  River  below  £  vansville  are : 
Highland  Creek,  Kentucky,  48  miles  below  Evausville  and  1  mile  above  Union- 
town,  Ky. 

Wabash  River,  54  miles  below  Evausville,  19  miles  below  Mount  Vernon,  Ind., 
aud  about  10  miles  above  Shawneetown,  111.  The  Wabash  River  is  about  550  miles 
long,  is  navigable  to  Vincennes,  a  distance  of  about  140  (?;  miles  from  its  mouth, 
and  drains  a  large  portion  of  eastern  part  of  Illinois,  three  or  four  counties  in 
northwestern  Ohio,  and  nearly  the  whole  State  of  Indiana. 

Saline  River,  Illinois,  9  miles  below  Shawneetown,  111.,  and  3  miles  above  Casey- 
ville,  Ky. 

Tradewater  River,  Kentucky,  2  miles  below  Casey ville,  Ky.,  and  2  miles  above 
Weston,  Ky.  The  Tradewater  drains  parts  of  Caldwell,  Hopkins,  Crittenden,  and 
Union  counties,  Ky. 

Big  Cane  Creek,  Illinois,  2  miles  below  Weston,  Ky.,  and  3  miles  above  Cave  In 
Rock,  111. 

Big  Creek,  Illinois,  8^  miles  below  Cave  In  Rock,  111.,  and  one-half  mile  ])elow 
Elizabethtown,  111. 

Big  Bay  Creek,  Illinois,  20  miles  below  Elizabethtowu,  111.,  8  miles  below  Golconda, 
m.,  and  1  mile  above  Bay  City,  111.  ■ 

Cumberland  River,  Kentucky,  at  Smithland,  Ky.,  9  miles  below  Bay  City,  111., 
2  miles  above  New  Liberty,  III.,  about  10^  miles  above  the  mouth  of  the  Tennessee 
River,  and  abont  12  miles  above  Paducah,  Ky.  The  Cumberland  is  one  of  the  largest 
afflnents  of  the  Ohio  River.  It  rises  in  Harlan  County,  Ky .,  and  run»  toward  nearly 
every  point  of  the  compass  except  east.  It  intersects  several  counties  in  Kentucky 
and  flows  from  Cumberland  County  south  west  ward  to  middle  Tennessee,  in  which  it 
mns  nearly  westward  to  Nashville.  Below  Nashville  its  general  direction  is  north- 
westward, and  reenters  Kentucky  from  Stewart  County.  Its  length  is  estimated  at 
650  miles.  Steamboats  ascend  it  to  Nashville,  192  miles  from  its  mouth,  and  it  is 
navigalyle  during  high  water  for  a  considerable  distance  above  Nashville. 

Tennessee  River,  about  1^  miles  above  Paducah,  Ky.  The  Tennessee  Kiver  is  formed 
by  the  Clinch  and  Holston  rivers,  which  rise  in  Virginia  and  unite  at  Kingston,  Roane 
County,  Tenn.  It  flows  south  westward  to  Chattanooga,  where  it  turns  abruptly  to 
the  right  and  runs  nearly  north  about  40  miles,  where  a  mountain  range  changes  its 
course  to  the  southwest  again  to  Guntcrsville,  Ala.  Below  this  point  it  pursues  a 
west- north  west  direction  until  it  touches  the  State  of  Mississippi.  It  next  bends  to 
the  right,  returns  to  the  State  of  Tennessee,  runs  northward,  enters  Kentucky  at  the 
southeast  comer  of  Trigg  County  and  the  Ohio  River  near  Paducah.  It  is  the  largest 
afilnent  of  the  Ohio  and  is  about  800  miles  long,  excluding  branches.  Large  steam- 
boats ascend  the  Tennessee  to  Hamburg,  Tenn.,  233  miles  above  its  mouth,  all  the 
year,  and  to  Florence,  Ala.,  about  65  miles  farther,  except  during  very  low  water. 
Big  Bend  Shoals,  Big  Tree  Shoals,  and  Colbert  Shoals,  between  Hamburg,  Tenn.,  and 
Florence,  Ala.,  make  navigation  unsafe  and  at  times  impracticable  during  low- water 
periods.  Above  and  near  Florence  navigation  is  obstructed  by  rocky  rapids  called 
Hascle  Shoals.  Above  Muscle  Shoals  the  river  is  again  navigable  for  steamboats  to 
Kingston,  Tenn.    It  has  an  affluent  called  the  Little  Tennessee,  about  150  miles  long, 
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whicli  rises  near  the  nortli  border  of  Georgia  and  runs  northward  through  Maoon 
County,  N.  C,  turns  westward,  passes  into  Tennessee,  and  enters  the  Holston  River 
about  7  miles  above  London,  Tenn.  Another  affluent  is  Clarks  River,  Kentucky, 
about  75  miles  long ;  empties  into  the  Tennessee  about  1  mile  above  its  mouth. 

Island  Creek,  Kentucky,  enters  the  Ohio  River  one-half  mile  above  Paducah. 

Perkins  Creek,  Kentucky,  5  miles  below  Paducah  and  2  miles  below  Brooklyn,  111. 

Seven  Mile  Creek,  Illinois,  at  Belgrade,  IlL,  6  miles  below  Paducah  and  3  miles 
below  Brooklyn,  111. 

Massac  Creek,  Illinois,  1^  miles  below  Belgrade,  111.,  and  2  miles  above  Metropo- 
lis, 111. 

Massac  Creek,  Kentucky,  1^  miles  below  Metropolis,  111. 

Little  Run  Creek,  Kentucky,  3  miles  below  Metropolis,  111.,  and  2  miles  above 
Little  Chain. 

Hunting  or  Redstone  Creek,  Kentucky,  19  miles  below  Paducah  and  4  miles  above 
Head  of  Grand  Chain. 

Humphries  Creek,  Kentucky,  10  miles  below  head  of  Grand  Chain,  8  miles  below 
Grand  Chain  Landing,  111.,  5  miles  below  foot  of  Grand  Chain,  2  miles  below  Cale- 
donia, 111.,  and  6  miles  above  Mound  City,  111. 

Cache  River,  Illinois,  1  mile  below  Mound  City,  111.,  and  about  4  miles  above 
Cairo,  111.  The  Cache  is  about  70  miles  long  and  drains  part  of  Johnson,  Pulaski, 
and  Alexandria  counties.  111. 

ISLANDS,    BARS,    AND  OTHER  OBSTRUCTIONS  IN    THE  OHIO   RIVER  BETWEEN    EVANS- 

VILLE,  IND.,  AND   CAIRO,  ILL. 

Henderson  Towhead,  head  7  miles  and  foot  9  miles  below  Evansville  and  1  mile 
above  Henderson,  Kv. 

Henderson  Island,  head  1  mile  and  foot  2  miles  below  Henderson,  Ky. 

Diamond  Island,  head  near  West  Franklin,  Ind.,  13  miles  below  Henderson,  Ky., 
foot  3  miles  below  West  Franklin  and  8  miles  above  Mount  Vernon,  Ind. 

Slim  Island,  head  3  miles  and  foot  7  miles  below  Mount  Vernon,  Ind. 

Mississippi  Bar,  head  9  miles  and  foot  11  miles  below  Mount  Vernon,  Ind. 

Upper  Highland  Rocks  (right  bank),  12  miles  below  Mount  Vernon  and  1  mile 
above  Uuiontown,  Ky. 

Lower  Highland  Rocks  (left  bank),  2  miles  below  Uniontown,  Ky. 

Wabash  Island,  opposite  mouth  of  the  Wabash  River,  the  head  4  miles  and  foot 
8  miles  below  Uniontown,  Ky.,  and  8  miles  above  Shawneetown,  HI. 

Browns  Island,  3  miles  above  Shawneetown,  111. 

Cincinnati  Towhead,  6  miles  below  Shawneetown,  111. 

Saline  Bar  and  Saline  Towhead,  opposite  and  above  mouth  of  Saline  River,  8  miles 
below  Shawneetown. 

Blakeleys  Bar  and  Blakeleys  Towhead,  11  to  12  miles  below  Shawneetown  and  1 
mile  above  Caseyville,  Ky. 

Caseyville  Bar,  opposite  Caseyville,  Ky. 

Tradewater  Bar,  opposite  mouth  of  Tradewater  River,  and  1  to  2  miles  below 
Caseyville,  Ky. 

Towhead,  one-half  mile  below  mouth  of  Tradewater  River. 

Cave  in  Rock  Island,  head  6^  miles  and  foot  7^  miles  below  Caseyville,  and  one- 
half  mile  above  Cave  in  Rock,  111. 

Walkers  Bar,  3  miles  below  Cave  in  Rock,  111. 

Half-Moon  Bar,  3  to  5  miles  below  Cave  in  Rock,  111. 

Hurricane  Island  Towhead,  4^  miles  below  Cave  in  Rock,  111. 

Hurricane  Island,  head  4^  miles  and  foot  opposite  Elizabethtown,  111.,  8  miles 
below  Cave  in  Rock. 

Irish  Jimmies  Bar,  4  to  5  miles  below  Elizabethtown,  111. 

Grand  Pier  Bar,  opposite  month  of  Grand  Pier  Creek,  8  miles  below  Elizabeth- 
town,  111. 
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Randolph  Island,  3  to  4  miles  below  month  of  Grand  Pier  Creek  and  foot  1  mile 
above  Golconda,  111. 

Pryors  Island,  head  2^  miles  and  foot  4  miles  below  Golconda. 

Loose  Rocks  (near  right  bank),  2^  to  3  miles  below  Golconda,  111. 

Sisters  Island,  head  6  miles  and  foot  7  miles  below  Golconda,  111.,  and  2  miles 
above  Bay  City,  111. 

Stewarts  Island,  head  2  miles  below  Bay  City,  111.,  and  foot  opposite  Birds  Point 
Landing,  Ky.,  3|  miles  below  Bay  City. 

Dog  Island,  4  to  5  miles  below  Birds  Point  Landing  and  1  mile  above  the  month 
of  the  Cumberland  River,  at  Smithland,  Ky.,  which  is  opposite  Hamlettsbnrg,  III. 

Cnmberland  Island  extends  from  one-half  mile  above  mouth  of  Cumberland 
River  to  near  New  Liberty,  111.,  2  miles  below. 

Hamlettsbnrg  Bar  lies  opposite  the  village  of  Hamlettsburg  and  between  it  and 
Cumberland  Island. 

Towhead,  opposite  New  Liberty,  111.,  2  miles  below  mouth  of  Cumberland  River. 

Cottonwood  Bar,  opposite  mouth  of  Caney  Creek,  Kentucky,  4  to  5  miles  below 
Smithland,  Ky.,  and  7  to  8  miles  above  Paducah,  Ky. 

Indiana  Bar,  4^  miles  above  Paducah,  Ky. 

Tennessee  Island,  about  1  mile  long,  from  opposite  mouth  of  Tennessee  to 
opposite  Paducah. 

Sand  Bar,  about  I  mile  long,  opposite  Paducah,  Ky. 

Belgrade  or  Fort  Massac  Bar,  opposite  the  village  of  Belgrade,  Dl.,  6  miles  below 
Paducah,  Ky.,  and  2  miles  above  Metropolis,  111. 

Little  Chain  (rocks),  4  to  5  miles  below  Metropolis,  111. 

Grand  Chain  (of  rocks)  extends  from  ^'head,''  near  Wilkinsons  Landing,  13  miles 
below  Metropolis,  to  ''foot,"  near  Barbers  Landing,  2^  miles  above  Caledonia,  111., 
or  a  distance  of  about  6  miles. 

Wreck  of  Northerner  and  wreck  of  Suwaneef  at  foot  of  Grand  Chain,  one-fourth  to 
one-Lalf  mile  above  Barbers  Landing,  111. 

Cache  Island,  near  left  bank  and  Mound  City  Towhead  near  right  bank,  from  5^  to 
7  miles  below  Caledonia,  111.,  and  from  1^  above  to  opposite  Mound  City,  111.  * 

Weston  Rock,  at  the  mouth  of  the  Ohio  River,  about  I  mile  below  Cairo. 

Two  railroad  bridges  cross  the  Ohio  below  Evansville,  viz,  that  of  the  Louisville 
and  !Nashville  at  Henderson,  Ky.^  and  of  the  Illinois  Central,  1  mile  above  Cairo. 

LANDS  SUBJECT  TO  OVERFLOW  AT  CERTAIN  STAGES,  MEASURED  ON  THE  WEATHER 
BURKAU  GAUGES  MAINTAINED  AT  EVANSVILLE,  MOUNT  VERNON,  MOUNT  CARMEL, 
PADUCAH,  AND  CAIRO. 

At  30  feet  on  the  Evansville  gauge,  the  water  begins  to  leave  the  river  banks  and 
spread  over  the  lowlands  on  both  sides  of  the  river.  At  36  feet  a  current  sets  in  from 
a  point  about  4  miles  below  Evansville  to  Cypress  Bend,  abont  3^  miles  distant,  in  a 
southwest  direction,  where  it  reenters  the  river  17  miles  below  by  the  main  channel. 
At  40  feet  all  the  low  farming  lands,  embracing  large  areas  on  both  sides  of  the  river 
above  and  below  Evansville,  are  said  to  be  submerged. 

Mount  Vernon,  Ind.,  is  36  miles,  by  river,  below  Evansville.  It  is  above  the  high- 
est stages  on  record.  But  in  its  immediate  vicinity,  on  both  sides  of  the  river  both 
above  and  below,  there  are  large  areas  of  improved  and  highly  productive  farming 
land,  which  are  subject  to  overflow  at  28  feet  and  upward  on  the  Mount  Vernon 
gauge,  provided  the  stage  at  Mount  Carmel,  111.,  on  the  Wabash  River,  is  at  the  same 
time  15  feet  or  more. 

Stages  of  from  33  to  37  feet  at  Cincinnati,  dependent  upon  the  amount  of  water 
coming  out  of  the  Kentucky,  Green,  and  Wabash  rivers,  give  28  feet  and  upward  on 
the  Mount  Vernon  gauge  three  to  four  days  after  the  above  readings  are  observed  at 
Cinoinnati,  and  40  feet  at  Cincinnati  with  a  simultaneous  stage  of  15  feet  or  upward 
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at  Moant  Carmel;  it  is  said  by  old  residents  of  Mount  Temoni  floods  the  lowlands 
between  West  Franklin,  12  miles  above,  and  Mount  Vernon,  also  a  large  area  in 
Henderson  County,  Ey.,  opposite  Mount  Vernon,  and  nearly  the  whole  of  Point 
Township,  Posey  County,  Ind.,  containing  32,000  acres,  rated  with  the  best  prodac- 
ing  land  in  the  State,  and  which  lies  in  the  crotch  between  the  Ohio  and  Wabaah 
rivers. 

In  addition  to  the  above,  there  are  also  extensive  tracts  of  improved  land  on  both 
sides  of  the  Wabash  Kiver  from  its  mouth  to  above  Mount  Carmel,  111.,  which  are 
inundated  at  stages  of  15  feet  at  Mount  Carmel  and  28  feet  at  Mount  Vernon. 

From  Shawneetown  to  Paducah  no  specific,  reliable  information  has  as  yet  l>eeiL 
obtained  as  to  districts  subject  to  overflow,  but  it  is  believed  that  the  areas  are  small 
and  that  the  damage  likely  to  ensue  is  also  comparatively  small. 

At  37  feet  on  the  Cairo  gauge  the  river  begins  to  leave  its  banks  about  20  miles 
below  Paducah  and  ruus  across  the  lowlands  to  Fort  Jeflerson,  Ky.,  aboot  6  miles 
below  Cairo  on  the  Mississippi  River.  At  40  feet  on  the  Cairo  gauge  the  entire 
country,  except  the  Illinois  Central  Railroad  and  Mobile  and  Ohio  Railroad  embank- 
ments, east  of  the  river  and  west  of  a  line  drawn  from  20  miles  below  Paducah  to 
Fort  Jefferson  is  covered  with  water.  At  40  feet  on  the  Cairo  gauge  the  Mississippi 
is  also  running  over  its  banks  at  Birds  Point,  Mo.,  and  with  higher  stages  tbe  water 
rapidly  spreads  over  hundreds  of  square  miles  in  Mississippi,  Scott,  Stoddard,  and 
other  counties  south  of  them  in  Missouri. 

CTNCEN^ATI,  OHIO. 

By  Mr.  S.  S.  Bassler,  Local  Forectut  Official. 

It  is  well  known  that  a  good  rise  out  of  the  Alleghany  will  give  river  men  fully 
double  the  time  that  an  equal  rise  out  of  the  Monongahela  does. 

The  upper  Ohio  being  a  known  quantity,  the  Kanawha  is  watched  more  closely 
than  when  its  surprises  are  expected.    Streams  flowing  into  the  Ohio  from  the  nortJi 
do  not  affect  it  a«  quickly  as  those  flowing  into  it  from  the  south. 
*  The  Muskingum  is  a  sluggish  stream  as  compared  with  tbe  southern  tributaries. 

Although  the  Scioto  sometimes  brings  a  great  deal  of  water,  it  is  also  a  sluggish 
stream  and  little  attention  is  paid  to  it. 

The  Kanawha  of  all  the  southern  tributaries  carries  the  most  water,  and  is  considt 
ered  the  most  important  factor  in  Ohio  River  rises. 

Touching  tbe  estimates  made  as  to  tbe  stage  of  water  in  consequence  of  a  certain 
stage  at  any  point  above,  it  is  believed  that  such  estimates  are  simply  guesswork. 
There  is  seldom  any  agreement  on  the  probable  stage. 

CHARLESTON,  S.   C. 

By  L.  N.  Jbsunofskt,  Local  Forecast  Official. 

The  South  Carolina  river  service,  as  at  present  organized,  comprises  nine  stations, 
as  follows:  Camden,  S.  C,  on  the  Wateree  River;  Cberaw,  S.  C, on  the  Great  Pedee 
River;  Columbia,  S.  C,  on  tbe  Congaree  River;  Conway,  S.  C,  on  the  Waccamaw 
River;  Edisto,  Barnwell  County,  S.  C,  on  the  Edisto  River;  Effingham,  S.  C,  on 
the  Lynch  River;  Fairbluff,  N.  C,  on  the  Lumber  River;  Kingstree,  S.  C,  on  the 
Black  River;  St.  Stephens,  S.  C,  on  the  Santee  River. 

Observations  on  the  stages  of  water,  tbe  state  of  weather,  wind  directions,  and 
measurements  of  precipitation  are  made  daily  at  8  a.  m.  during  the  flood  seasons — 
January  to  March,  inclusive,  and  July  to  October,  inclusive — and  sent  by  mail  upon 
a  printed  card  provided  for  the  purpose. 

When  rainfall  of  1  inch  or  more  occurs,  and  the  rivers  have  risen  6  feet  or  more 
daring  the  preceding  twenty-four  hours,  the  observations  are  then  sent  by  telegraph 
to  the  Charleston,  S*  C,  center.    At  tbe  end  of  the  month  the  daily  observations  axe 
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tabalated  upon  a  form  and  sent  to  the  section  center,  where  they  are  verifiedi  and  then 
transmitted  to  the  chief  of  the  Weather  Bareau.  The  daily  river  reports  are  embodied 
in  a  table  which  appears  regularly  upon  the  daily  weather  chart  issued  from  this 
station.  The  data  from  this  table  is  then  transcribed  upon  small  blanks  for  publi- 
cation in  the  Daily  News  and  Courier  of  Charleston,  S.  C. 

When  floods  are  imminent  telegrams  and  postal  cards  are  forwarded  to  43  towns 
along  the  streams  mostly  affected. 

All  streams  over  the  coast  region  of  this  State  east  and  south  of  lines  dr<iwn  from 
Barnwell,  Barnwell  County,  to  Vance,  Orangeburg  County,  to  Camden,  Kershaw 
County,  and  thence  over  to  Cheraw,  Chesterfield  County,  are  subject  to  overflow, 
causing  much  inconvenience  to  traffic,  loss  of  live  stock,  and  injury  to  crops.  West 
and  north  of  this  boundary  the  contour  changes  to  a  decided  elevation,  and  freshets 
are  leas  frequent  than  over  the  coast  region. 

W^ith  imperfect  data  as  to  the  width  and  drainage  area,  the  method  of  forecasting 
floods  in  South  Carolina  is,  as  yet,  somewhat  crude.  We  know  approximately  the 
area  of  the  Santee,  Pedee,  and  Waccamaw  Kiver  basins.  Very  good  results  have, 
however,  followed  the  systematic  study  of  rainfall  measurements  with  regard  to  the 
volume  of  water  in  the  upper  streams  and  the  rate  of  increase  in  the  lower  streams. 

Each  stream  will  be  treated  upon  separately  in  this  paper,  as  no  single  rule,  except 
as  to  variable  rainfall  measurements,  applies  to  all. 

THE  WACCAMAW  RIVER  BASIN. 

Lengthof  the  Waccamaw  River  above  Conway,  S.  C,  151  miles;  length  of  the  Wacca- 
maw River  below  Conway,  S.  C,  63  miles;  drainage  area  above  Conway,  8.  C,  1,140 
square  miles ;  drainagearea  below  Conway,  S.  C,  432 square  miles.  The  drainage  area 
is  combined  with  that  of  the  Great  Pedee  basin  for  20  miles  above  Winy  ah  Bay.  It 
extends  for  about  5  miles  westward  along  the  stream  above  the  junction  of  the 
Waccamaw  and  Great  Pedee  rivers,  and  continues  for  5  miles  west  of  the  stream, 
until  it  reaches  the  State  line;  the  area  then  narrows  down  considerably,  until 
within  a  short  distance  of  Lake  Waccamaw,  in  North  Carolina,  near  the  head  waters 
of  the  Waccamaw  River.  The  eastern  limit  of  the  Waccamaw  basin  embraces 
nearly  all  of  that  territory  adjoining  the  Atlantic,  curving  westward  toward  the 
rirer  at  Nixouville,  S.  C,  for  about  3  miles.  The  line  follows  the  eastern  limits  of 
the  Caw  Caw,  the  Green,  and  Big  swamps,  in  North  Carolina;  thence  northward, 
cloee  to  the  Cape  Fear  River  drainage  area,  and  westward  to  Rosendale,  Columbus 
Connty,  N.  C,  where  it  terminates. 

The  gauge  station  within  the  Waccamaw  basin  is  located  at  Conway,  S.  C.  The 
gauge  was  formerly  used  by  the  United  States  Engineer  Corps.  It  was  repaired  by 
the  United  States  engineer  and  placed  at  the  disposal  of  the  Weather  Bureau  in 
November,  1893.  Length  of  gauge,  10  feet;  width,  0.6  foot;  thickness,  0.1  foot. 
Gange  painted  white;  graduations  in  feet  and  tenths,  and  painted  black.  Position 
of  gauge,  Conway  Toll  Bridge  pier ;  elevation  of  zero  of  river  gauge  above  sea  level, 
25  feet;  width  of  river  at  Conway,  285  feet;  flood  or  danger  line,  7  feet;  river  over- 
flows at  8  feet;  territory  overflown  at  this  gauge  readmg,  5  miles;  highest  water 
known,  equal  to  reading  on  gauge,  9  feet,  February  9,  1895;  lowest  water  known, 
equal  to  reading  on  gauge,  0.0  foet,  August  16,  1889.  Owing  to  its  low  elevation 
and  the  small  rate  of  descent,  the  Waccamaw  at  Conway  rarely  rises  over  1  foot  in 
twenty-four  hours.  It  may  have  an  almost  uniform  rise  of  4  inches  per  day  for  about 
five  days,  and  then  begins  to  recede  slowly,  unless  checked  in  its  downward  tendency 
by  additional  heavy  rainfall,  in  which  case  the  rate  of  increase  is  exceedingly  small. 
During  heavy  rainfalls  at  Conway,  S.  C,  the  rise  in  the  stream  seldom  exceeds  6 
inches  per  day  for  one  day  or  more  than  two  days.  This  is  due  to  the  fact  that  the 
water  spreads  over  a  larger  territory,  not  being  confined  within  the  river^s  banks. 

With  a  rainfall  of  2  inches  reported  from  Fairbluff,  N.  C,  near  the  western  edge 
of  the  npper  Waccamaw  basin,  the  wave  crests  usuaUy  reach  Conway,  S.  C,  in 
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three  and  a  half  days.  The  rising  waters  require  an  additional  period  of  two  and 
a  half  daj's  before  reaching  Winyah  Bay. 

The  Waccamaw  River  is  navigable  for  7-foot  draft  boata  to  Conway.  Beyond  Con- 
way the  depth  is  less,  though  steamers  drawing  3  to  4  feet  run  to  a  point  40  miles 
above  that  town  at  possibly  the  lowest  stages  of  water  The  river  has  its  chief 
source  in  Waccamaw  Lake,  North  Carolina,  and  after  flowing  in  a  southwesterly 
direction,  approximately  parallel  to  and  not  far  from  the  seacotost,  empties  into 
Winyah  Bay,  at  Georgetown,  S.  C.  The  lake  is  a  body  of  fresh  water  about  3  miles 
wide  and  5  miles  long,  with  a  probable  average  depth  of  8  feet,  situated  on  the  Hue 
of  the  Wilmington,  Columbia  and  Augusta  Railroad,  about  25  miles  west  of  Wilming- 
ton, N.  C.  The  total  length  of  the  river  is  about  214  miles,  and  the  distance  from 
head  to  mouth,  by  a  straight  line,  would  probably  be  80  miles.  There  is  very  little 
current  on  the  lower  Waccamaw,  bnt  a  much  greater  velocity  is  found  in  the  upper 
portion. 

The  river  reports  from  Conway,  S.  C,  are  principally  used  by  steamboat  men, 
stock  breeders,  lumbermen,  and  rice  planters. 

The  Pkdee  Basin. 

There  are  four  drainage  areas  within  the  Great  Pedee  basin,  namely^  the  Little 
Pedee,  the  Great  Pedee,  the  Lynch,  and  the  Black. 

LITTLE   PEDEE   BASIN. 

The  Little  Pedee  basin  runs  almost  parallel  with  the  river  on  both  sides,  its 
width  averaging  about  5  miles.  It  emjities  into  the  Great  Pedee  at  Port  Harrelson. 
The  Lumber  River,  in  North  Carolina,  is  a  continuation  of  the  Little  Pedee. 

The  gange  station  within  the  Little  Pedee  basin  is  located  at  Fairbluff,  N.  C, 
on  the  Lumber  River.  Length  of  the  Little  Pedee  River  above  FairbluflF,  N.  C, 
102  miles;  length  of  the  Little  Pedee  River  below  Fairbluff,  N.  C,  86  miles;  drainage 
area  above  Fairbluff,  N.  C,  410  square  miles;  drainage  area  below  Fairbluff,  N.  C, 
330  square  miles. 

The  river  gauge  was  erected  in  December,  1893,  and  is  the  property  of  the  Weather 
Bureau.  Length  of  gauge,  9  feet;  width,  0.8  foot;  thickness,  0.1  foot.  Gauge  is 
painted  white;  graduations  painted  black,  in  tenths  of  feet,  the  whole  feet  being 
represented  bj^  brass  figures. 

Position  of  gauge:  On  west  side,  central  pier,  of  Fairbluff  (N.  C.)  free  bridge; 
Elevation  of  zero  of  river  gauge  above  sea  level,  59  feet;  width  of  river  at  Fair- 
bluff, N.  C,  270  feet;  flood  or  danger  line,  6.5  feet;  river  overflows  at  7  feet; 
territory  overflown  at  this  gauge  reading,  2  miles;  highest  water  known,  eqnal  to 
reading  on  gauge,  9  feet,  March,  1818;  lowest  water  known,  equal  to  reading  on 
gauge,  0.0  feet,  June  1,  1893. 

The  rise  of  water  in  this  stream  at  any  gauge  reading  does  not  exceed  1|  feet  in 
twenty-four' hours.  With  a  rainfall  of  about  1  inch  reported  from  Cheraw,  S.  C, 
near  the  head  waters  of  the  Little  Pcdco,  or  Lumber  River,  at  a  moderate  stage, 
this  stream  will  rise  3  to  4  inches  per  day  for  about  five  days.  "If  the  rainfall  con- 
tinues over  the  upper  portion  of  this  basin  for  a  few  days,  and  increases  1  inch  or 
more  for  each  day,  the  rate  of  rise  in  the  stream  is  much  greater,  although  tlie  depth 
of  water  does  not  increase  to  a  much  greater  extent,  as  it  spreads  over  a  much  larger 
area,  oftentimes  for  3  miles  on  each  side  of  the  river. 

It  requires  three  days  for  the  wave  crests  to  reach  Fairbluff,  N.  C,  from  the  head 
waters.  Within  another  three  days'  interval  the  advancing  volume  of  water  merges 
with  the  Great  Pedee  a  few^  miles  above  Port  Harrelson,  S.  C. 

This  stream  is  navigable  for  3- foot  draft  vessels  from  Port  Harrelson,  S.  C,  to 
Fairbluff,  N.  C,  at  an  ordinary  stage  of  water. 

Stock  breeders,  raftsmen,  lumbermen,  and  steamboat  men  are  greatly  interested  in 
the  gange  readings  reported  from  Fairbluff,  N.  C. 
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THE  6RBAT  PEDEE  BA8IN. 

The  Great  Pedee,  emptyiDg  into  Winyah  Bay,  Georgetown,  S.  C,  has,  including 
its  npper  portion,  called  the  Yadkin,  a  total  length  of  about  465  miles  and  a  combined 
drainage  area  of  16,329  square  miles,  including  the  drainage  area  of  its  main  trib> 
utaries,  the  Little  Pedee,  the  Lynch,  and  the  Black  rivers.  At  a  stage  of  about 
0.5  foot  above  low  water  the  discharge  at  Cheraw  is  about  7,000  cubic  feet  per  second. 

The  stream  is  navigable  for  boats  of  9  feet  draft  from  Winyah  Bay  to  Smith's 
Mills,  78  miles;  thence  navigable  for  boats  of  3.5  feet  draft  to  Cheraw,  S.  C.,  for  93 
miles. 

The  river  changes  its  name  from  that  of  Great  Pedee  to  that  of  the  Yadkin  at  the 
entrance  of  the  Uharie,  or  Narrows,  in  North  Carolina,  71  miles  above  Cheraw,  S.  C. 
This  river,  above  the  Narrows,  is  about  200  miles  long,  with  a  drainage  area  of  about 
4,320  square  miles,  and  nearly  600  feet  wide ;  dropping  to  40  to  50  in  its  2-mile  passage 
through  the  Narrows,  and  expanding  again  to  about  500  feet  in  width  at  the  lower 
end  of  the  Narrows,  with  an  outflow  of  2,500  cubic  feot  of  waterpower  per  second 
at  low  water,  and  rising  to  12  feet  in  height  during  freshets.  From  the  Narrows  it 
flows  in  a  general  southerly  direction  for  71  miles  before  it  reaches  Cheraw,  the  pres* 
ent  head  of  steam  navigation.  From  Cheraw  to  the  Narrows  the  elevation  increases 
rapidly.  From  the  State  line,  13  miles  up,  to  the  Carolina  Central  Railroad  the  river 
surface  has  a  rise  of  37  feet,  and  a  tolerably  uniform  slope  of  2.8  feet  to  the  mile. 
From  the  Carolina  Central  Railroad,  51  miles  up,  to  the  Narrows  the  river  surface 
has  a  rise  of  about  310  feet,  and  a  tolerably  uniform  slope  of  over  5.5  in  addition  to 
two  special  rapids  (Bluetts  Falls  and  Grassy  Island  Shoals)  of  4  miles  total  length, 
and  10  feet  rise  per  mile.  A  slope  of  5.5  per  mile  is  much  greater  than  can  be  safely 
ascended  by  shallow-draft  boats. 

The  Great  Pedee  runs  in  a  southeasterly  direction  from  Cheraw,  S.  C,  to  Port 
Harrelson,  S.  C,  near  the  mouth  of  the  Little  Pedee.  The  lower  section  of  this 
stream  runs  almost  in  a  southerly  direction  from  Port  Harrelson  to  Winyah  Bay. 
From  Cheraw,  S.  C,  to  Georgetown,  S.  C,  at  the  head  of  Winyah  Bay,  the  river  has 
an  average  slope  of  one-half  foot  t^o  the  mile. 

The  gauge  station  on  the  Great  Pedee  is  located  at  Cheraw,  S.  C.  Length  of 
the  Great  Pedee  above  Cheraw,  S.  C,  294  miles;  length  of  the  Great  Pedee 
below  Cheraw,  S.  C,  171  miles;  drainage  area  of  the  Great  Pedee  above  Cheraw, 
S.  C,  9,045  square  miles;  drainage  area  of  the  Great  Pedee  below  Cheraw,  S.  C. 
including  the  Little  Pedee,  the  Lynch,  and  the  Black  systems,  7,284  square  miles. 

The  river  gauge  was  erected  in  1887  by  the  United  States  Engineer  Corps,  and 
placed  in  possession  of  the  Weather  Bureau  in  May,  1891.  Length  of  gauge,  38  feet; 
widths  1  foot;  thickness,  0.1  foot.  Gauge  painted  white;  graduations  painted  black 
in  feet  and  tenths.  Position  of  gauge:  on  Cheraw  toll  bridge,  east  central  pier. 
Elevation  of  zero  of  river  gauge  above  sea  level,  50  feet.  Width  of  river  at  Cheraw, 
8.  C,  450  feet;  flood  or  danger  line,  27  feet;  river  overflows,  at  this  gauge  reading, 
on  west  side  at  26  feet;  on  east  side  at  31.6  feet.  Territory  overflown  at  these  gauge 
readings:  At  Cheraw,  S.  C,  for  oue-half  mile  above  and  for  10  miles  below  Cheraw. 
Highest  water  known,  equal  to  reading  on  the  gauge,  37.3  feet,  March  11, 1875; 
lowest  water  known,  equal  to  reading  on  the  gauge,  0.0  feet,  August,  1866. 

There  is  no  stream  in  the  State  which  rises  more  uniformly,  with  certain  rainfall 
snpply,  than  the  Great  Pedee  at  and  above  Cheraw,  S.  C.  The  precipitation 
measurements  of  Charlotte,  N.  C,  are  true  indexes  of  what  may  be  expected  in  the 
way  of  height  of  wave  crests  when  reaching  Cheraw.  A  1-inch  rainfall  reported 
from  Charlotte,  N.  C,  most  invariably  causes  the  stream  at  Cheraw  to  rise  8  to  12  feet, 
and  a  2-inoh  rainfall  12  to  22  feet.  Quite  satisfactory  rain  forecasts  for  the  Great 
Pedee  w^ere  made  upon  this  basis.  Observations  from  the  special  rainfall  station 
at  Salisbury,  N.  C,  on  the  upper  Great  Pedee,  made  during  1893  and  1894,  would 
seem  to  bear  out  these  facts. 
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We  are  told  by  the  United  States  Engineer  Corps,  which  made  surveys  of  this 
stream  in  1876,  1879,  and  1888,  particularly  between  Cheraw,  S.  C,  and  the  Narrows 
in  North  Carolina,  close  to  the  Uharie  River,  with  a  view  to  developing  its 
immense  water  powers,  that  there  are  three  large  and  natural  waterfalls,  over  40 
feet  in  height,  within  a  range  of  21  miles,  and  that  the  slope  for  a  distance  of  71 
miles  above  Cheraw  is  355  feet,  or  an  average  of  50  feet  to  the  mile.  At  the  Narrows, 
on  the  Yadkin  (which  is  an  extension  only  of  the  Great  Pedee),  the  amonnt  of  fall 
is  40  feet  in  2  miles.  At  Grassy  Island  Rapids,  281  miles  from  and  180  feet  above 
the  Atlantic,  the  fall  is  30  feet  in  3  miles.  At  Bluett  Falls,  279  miles  from  and  150 
feet  above  the  Atlantic,  the  fall  is  12  feet  in  1  mile.  From  this  data  it  will  be  seen 
that  the  wjiter  descends  with  terrific  force  seaward,  from  the  Narrows  toward 
Cheraw,  S.  C.  The  stream  at  Cheraw  has  been  known  to  rise  26.5  feet  in  sixteen 
hours.  It  frequently  rises  20  feet  or  more  in  t  wenty-fonr  honrs,  and  has  been  known 
to  decline  18  to  22  feet  within  the  same  time. 

The  wave  crests  on  the  upper  Great  Pedee  reach  Cheraw,  S.  C,  in  three  days 
ft-om  the  commencement  of  the  rise  to  the  time  of  falling.  Below  Cheraw  condi- 
tions are  somewhat  different.  It  requires  eight  and  a  half  days  for  the  water  to 
reach  Georgetown,  S.  C,  at  the  head  of  Winyah  Bay,  from  Cheraw,  S.  C,  where  the 
drainage  arises  from  the  Great  Pedee  alone.  When  precipitation  occurs  over  the 
entire  basin  of  the  Great  Pedee,  the  waters  of  the  Little  Pedee,  the  Lynch,  and  the 
Black  unite  slowly  with  the  Great  Pedee  and  produce  considerable  of  a  freshet  at 
the  head  of  Winyah  Bay. 

Occasionally  a  second  rise  in  the  Great  Pedee  at  and  above  Cheraw,  S.  C,  fol- 
lowing close  after  the  first,  may  overtake  the  first  rise  on  its  oceanwar<]l  voyage,  and 
cause  the  stream  near  Georgetown,  S.  C,  to  remain  at  a  higher  stage  for  a  greater 
period  than  is  ordinary.  During  the  rice-growing  season,  when  the  freshets  meet 
the  maximum  tides,  much  rice  is  injured  thereby. 

Two-thirds  of  the  timber  cut  upon  the  Great  Pedee  and  its  tributaries  is  sent 
in  rafts  to  Georgetown,  S.  C,  where  it  is  carried  to  the  mills.  The  river  reports 
above  Georgetown  form  an  important  item  in  the  lumberman's  business.  Without 
them  they  could  not  prepare  their  logs  in  time  for  rafting  out  of  the  swamps.  The 
reports  also  enable  stockmen  to  protect  their  cattle  from  sudden  rises.  Steamboat 
men  regulate  the  size  of  their  cargoes  by  the  information  contained  in  the  river 
observations  from  Cheraw,  S.  C,  and  other  stations  along  the  tributaries  of 
the  Great  Pedee.  The  downward  freights  are  cotton,  spirits  of  turpentine,  rosin, 
tar,  rice,  timber,  cypress  lumber,  and  shingles.  The  upward  freights  are  fertilieers 
and  general  merchandise. 

THE  LYNCH  RIVEB  BASIN. 

The  Lynch  River  is  the  smallest  of  the  three  tributaries  belonging  to  the  Great 
Pedee.  It  empties  into  the  Great  Pedeo  30  miles  below  Effingham,  S.  C,  and  runs 
in  a  southeasterly  course  from  its  headwaters  at  the  State  line  to  its  confluence 
with  the  Great  Pedeo.  Its  rate  of  slope  is  relatively  small,  being  about  6  inches 
to  the  mile  from  the  State  line  to  Tillers  Ferr^'-,  S.  C,  and  averaging  4  inches  to  the 
mile  from  Tillers  Ferry,  to  Effingham,  S.  C,  and  below. 

On  account  of  its  elevation  the  stream  rises  much  faster  at  Tillers  Ferry,  S.  C, 
than  at  Effingham,  S.  C.  During  heavy  rainfalls  the  greatest  rate  of  increase  is  3 
feet  per  day  at  Tillers  Ferry,  while  at  Effingham,  S.  C,  it  seldom  rises  1.4  feet  in  any 
twenty-four  hours. 

The  effect  of  rainfall  at  Cheraw,  S.  C,  and  Camden,  S.  C,  bears  a  wonderful  influ- 
ence upon  the  drainage  system  of  the  Lynch  River.  One-inch  rainfalls  at  Camden, 
S.  C,  may  produce  a  rise  of  2  to  4  feet  in  about  three  days  at  Effingham,  S.  C.  As  a 
rule  the  water  recedes  very  slowly  at  and  below  Effingham,  8.  C,  due  doubtless  to 
its  close  proximity  to  the  waters  of  the  Great  Pedee,  which  serves  as  a  check  to  its 
downward  progress. 
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The  gange  station  within  the  Lynch  hasin  is  located  at  Effingham,  S.  C. 

Length  of  the  Lynch  River  ahove  Effingham,  S.  C.,75  miles;  length  of  the  Lynch 
River  below  Effingham,  8.  C,  SO  miles;  drainage  area  of  the  Lynch  River  above 
Effingham,  S.  C,  335  sqnare  miles;  drainage  area  of  the  Lynch  River  below  Effing- 
ham, S.  C,  110  sqnare  miles. 

The  river  gauge  was  erected  in  May,  1891,  and  is  the  property  of  the  Weather 
Bureau.  Length  of  gauge,  20  feet;  width,  0.4  foot;  thickness,  0.1  foot.  Gauge 
painted  white;  graduations  painted  black  in  feet  and  tenths.  Position  of  gauge,  6 
feet  on  upright  support;  extension  of  14  feet  on  large  tree.  Elevation  of  zero  of 
river  gauge  above  sea  level,  65  ^eet;  width  of  river  at  Effingham,  S.  C,  120  feet; 
flood  or  danger  line,  12  feet;  river  overflows  at  12  feet;  territory  overflown  at  these 
gange  readings,  one-half  mile.  Highest  water  known,  equal  to  residing  on  the 
gauge,  17.5  feet,  January  24,  1892;  lowest  water  known,  equal  to  reading  on  gauge, 
0.0  foot,  1884. 

The  stream  is  navigable  for  3-foot  draft  boats  from  its  mouth  at  the  Great  Pedee 
to  Effingham,  S.  C. 

The  principal  industry  on  the  Lynch  River  is  log  rafting,  which  begins  in  Septem- 
ber and  ends  in  April.  The  river  reports  from  Effingham  are  also  used  extensively 
by  the  rice  and  cotton  planters  on  the  Great  Pedee,  near  the  mouth  of  the  Lynch 
River. 

THE  BLACK  KIVKR  BASIN. 

This  stream  is  one  of  the  tributaries  of  the  Great  Pedee.  Navigation  is  anin- 
terrnpted  for  light-draft  steamers  between  the  mouth  of  the  Great  Pedee  and 
Kingstree,  S.  C,  on  the  Northeastern  Railroad,  except  during  the  low-water  season 
in  the  summer  months,  when  but  few  steamers  ply  up  this  stream.  Much  lumber  is 
rafted  upon  the  upper  Black  River.  On  the  lower  Black  River  rice,  cotton,  and 
mival  stores  are  shipped  in  large  quantities,  and  stock  breeders  suffer  greatly  during 
freshets. 

The  rainfall  at  Camden,  S.  C,  affects  the  gauge  readings  at  Kingstree,  S.  C.  A 
1-inch  rainfall  at  that  place  will  cause  a  rise  of  about  1|  feet  at  Kingstree.  A  2-inch 
rainiall  at  Kingstree  elevates  the  stream  but  a  few  inches  there.  The  greatest 
danger  from  overflow  occurs  some  45  miles  below  Kingstree,  near  the  mouth  of  the 
Black,  where  the  river  is  much  wider  than  above  stream.  The  backing  tide  water 
from  Wingate  Bay,  the  freshets  from  the  Great  Pedee,  together  with  the  rising 
waters  from  the  Black  and  Waccamaw,  form  a  continuous  sheet  of  water  for  many 
miles,  and  oftentimes  cause  great  loss  to  crops  and  other  products.  This  danger 
baa  been  avoided  to  a  large  extent  since  the  river  service  of  the  Bureau  has  been  in 
operation. 

There  is  one  river-gauge  station  within  the  Black  River  basin,  located  at  Kings- 
tree,  S.  C.  Length  of  the  Black  River  above  Kingstree,  64  miles;  below  Kingstree^ 
52  miles.  Drainage  area  of  the  Black  River  above  Kingstree,  301  square  miles; 
below  Kingstree,  168  square  miles. 

The  river  gauge  was  erected  in  December,  1893;  it  is  the  property  of  the  Bureau. 
Length  of  gauge,  15  feet ;  width,  0.8  foot ;  thickness,  0.1  foot.  Gauge  painted  white; 
graduations  painted  black  in  tenths  of  feet,  the  whole  feet  being  represented  by 
brass  figures.  Position  of  gauge,  on  middle  south  pier  of  Kingstree  free  bridge. 
Elevation  of  zero  of  gauge  above  sea  level,  37  feet ;  width  of  river  at  Kingstree,  S.  C, 
250  feet;  flood  or  danger  line,  12  feet;  river  overflows  at  14  feet;  territory  overflown 
at  three  gauge  readings,  3  miles  west  and  south  of  Kingstree.  Highest  water  known, 
equal  to  reading  on  the  gauge,  14.5  feet,  September,  1893;  lowest  water  known, 
equal  to  reading  on  the  gauge,  0.0  foot.  May,  1888. 

THE  SANTEE  RIVER  BASIN. 

The  Santee  River,  formed  by  the  Congaree  and  Wateree  rivers,  has,  from  the  sea  to 
ite  headwaters  in  the  mountains,  a  total  length  of  about  500  miles,  and  a  drainage 
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area  of  about  15,414  square  miles.  The  river  is  connected  by  canal,  to  Winyah  Bay, 
through  a  portion  of  Mosquito  Creek. 

The  Congaree  River,  formed  by  the  Broad  and  Saluda  rivers,  and  itself  uniting 
with  the  Wateree  to  form  the  Santee,  has,  from  the  headwaters  of  its  tributaries  in 
the  mountains  to  its  mouth  in  the  Santee,  a  total  length  of  about  250  miles,  and  a 
total  drainage  area  of  about  8,312  square  miles.  The  name  Congaree  applies  there- 
fore to  50  miles  of  river  from  the  confluence  of  the  Broad  and  Saluda,  just  above 
Columbia,  S.  C,  downward  to  the  Santee,  at  Wateree,  S.  C. 

The  Catawba  is  a  river  of  about  207  miles  length,  and  4,280  square  miles  of  drain- 
age area.  It  rises  in  the  Blue  ftidge  Mountains,  McDowell  County,  N.  C,  near  the 
Western  North  Carolina  Railroad,  close  to  the  main  divide  between  the  Atlantic  and 
Mississippi  basins.  It  runs  first  easterly,  then  southerly  through  portions  of  North 
and  South  Carolina,  and  takes  the  name  Wateree  at  the  junction  of  Wateree  Creek, 
a  small  tributary  entering  from  the  west  in  the  upper  part  of  Fairfield  County,  S.  C, 
above  C'amden,  S.  C. 

The  Wateree  is  a  continuation  of  the  Catawba,  from  Camden,  S.  C,  to  Wateree, 
S.  C,  and  unites  with  the  Congaree  to  form  the  Santee. 

The  Santee  continues  in  a  southeasterly  direction  for  a  distance  of  184  miles,  and 
empties  into  the  Atlantic  14  miles  south  of  Winyah  Bay.  A  State  canal  connects 
with  the  Santee  at  Ferguson,  S.  C,  and  runs  into  the  headwaters  of  the  Cooper 
River  at  Monks  Corner,  S.  C,  thus  affording  navigation  inland  from  the  Santee 
River  to  the  Charleston  (S.  C.)  Bay. 

The  surface  of  the  Catawba  River  from  the  State  line  to  Camden,  S.  C,  h<i8  a 
descent  of  325  feet  in  75  miles,  or  an  average  of  4.5  feet  per  mile.  At  Great  Falls, 
Catawba  Canal  to  Rocky  Mount,  the  amount  of  descent  is  178  feet  in  8  miles,  of  which 
50  feet  covers  one-fourth  of  a  mile.  At  the  Wateree  Canal  Shoals,  slightly  above 
Camden,  the  descent  is  52  feet  in  5  miles.  The  slope  ranges  from  175  feet  above  sea 
at  Camden,  S.  C,  to  7.4  feet  above  sea  at  Wateree,  S.  C,  wheie  the  Congaree  and 
Wateree  rivers  empty  into  the  Santee;  from  Wateree,  S.  C,  to  St.  Stephens,  S.  C, 
the  surface  slope  decreases  gradually  to  50  feet  above  sea. 

It  will  thus  be  seen,  judging  from  the  rate  of  descent,  that  the  Catawba,  from  its 
headwaters  to  Camden,  S.  C,  flows  very  rapidly,  most  notably  during  high  water. 
A  portion  of  the  water  supply  registered  in  the  vicinity  of  Charlotte,  N.  C,  also 
feeds  the  Catawba,  through  one  of  it«  small  tributaries.  According  to  rainfall  meas- 
urements on  the  Catawba,  made  at  Mount  Holly,  N.  C,  near  the  State  line,  this 
stream  rises,  approximately,  8  to  14  feet  at  Camden,  S.  C,  for  each  inch  of  rainfall 
recorded  at  Mount  Holly,  N.  C.  The  volume  of  water  is  considerably  augmented  by 
rainfall  measurements  of  1  inch  or  more  at  Camden,  S.  C. 

The  rising  waters  from  the  upper  Catawba  reach  Camden  in  two  and  a  half  days. 
Two  days  usually  elapse  before  the  stream  begins  to  recede  at  this  point.  The  flood 
waters  travel  much  slower  between  Camden  on  the  Wateree  and  St.  Stephens  on  the 
Santee,  and  reach  the  latter  place  in  about  four  and  a  half  days.  Two  days  more 
are  required  for  the  greatly  decreased  and  advancing  wave-crests  to  reach  the  sea. 
As  in  the  case  of  the  Great  Pedee,  a  second  rise  in  the  Catawba  occasionally  over- 
takes the  preceding  rise  before  passing  half  way  through  the  Santee. 

The  Catawba  at  Camden  has  been  known  to  rise  20  feet  in  one  day ;  it  fVequently 
rises  6  feet  in  twenty-four  hours,  and  continues  at  this  rate  for  two  and  even  three 
days.  The  rates  of  increasing  or  decreasing  waters  in  the  Catawba  are  not  so  great 
as  those  observed  on  the  tipper  Great  Pedee. 

The  immense  width  and  low  elevation  of  the  Santee  accounts  for  the  slow  progress 
of  its  waters  seaward.  The  river  overflows  at  a  comparatively  low  stage,  and  the 
water  spreads  over  many  miles  of  territory.  Rainfalls  at  any  of  the  river  stations 
above  the  Santee  must  be  exceptionally  heavy  to  elevate  the  stream  1  foot  m 
twenty-four  hours  at  St.  Stephens.  It  rises  1  to  2  inches  per  day  for  one  week  or 
more,  remains  stationary  for  one  or  two  days,  and  then  recedes  slowly. 
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Daring  periods  of  high  water  the  Congaree,  at  Colombia,  S.  C,  rises  about  8  feet 
in  twenty- four  hoars.  It  seldom  rises  over  15  feet  in  any  one  day.  It  remains  at  a 
tolerably  low  stage  the  entire  year. 

The  ascent  of  the  Congaree  to  Colambia,  S.  C,  is  very  steep,  from  74  feet  above 
sea  at  Wateree,  S.  C,  to  235  feet  above  sea  at  Colombia,  S.  C.  In  its  descent  from 
Columbia,  S.  C,  the  water  passes  over  three  natural  dams  at  Granby,  2  miles  below 
Colombia.  The  Congaree  is  navigable  from  Wateree  to  Granby.  Between  Columbia 
and  Granby  the  slope  of  the  natural  water  surface  at  low  stage  is  made  up  of  a  sue- 
cession  of  pools  and  rapids.  The  total  fall  from  Gervais  street  bridge  to  Granby, 
the  present  head  of  navigation,  varies  with  the  stage  of  water  as  follows :  At  1  foot 
above  low  water,  Gervais  street  gauge,  the  fall  of  water  surface  in  the  2  miles  dis- 
oussed  is  8  feet;  average  slope  per  mile,  4  feet;  maximum  slope  per  mile,  12  feet. 
At  5  feet  above  low  water  on  the  Gervais  street  gauge  the  fall  of  water  surface  in 
the  2  miles  discussed  is  4  feet;  average  slope  per  mile,  2  feet;  maximum  slope  per 
mile,  2  feet.  The  rising  waters  reach  Columbia,  S.  C,  from  the  upper  Broad  River 
in  two  and  a  half  days;  in  one  and  a  half  days  this  advancing  volume  meets  the 
8antee  River  at  Wateree.  Wave-crests  first  observed  at  Coronaca,  S.  C,  on  the 
Saluda,  reach  the  Congaree  at  Columbia  in  about  one  day  and  a  half. 

Measurements  of  rainfall  made  at  Gaffney  City,  S.  C,  on  the  upper  Broad  River 
daring  1893  and  1894  showed  a  close  relation  between  the  water  supply  over  that 
locality  and  the  amount  which  passed  by  Columbia.  Rainfall  measurements  also 
made  at  Greenville,  S.  C,  and  Coronaca,  S.  C,  for  the  same  period,  on  the  upper 
Saluda  substantiate  these  facts. 

There  are  three  river-gauge  stations  within  the  Santee-Catawba-Congaree  River 
basin,  namely:  (1)  At  St.  Stephens,  S.  C,  on  the  Santee;  C2)  at  Camden,  S.  C,  on 
the  Catawba- Wateree;  and  (3)  at  Columbia,  S.  C,  on  the  Congaree-Broad-Saluda. 

1.  The  river  gauge  is  located  at  St.  Stephens,  S.  C,  in  the  Santee  basin.  Length 
of  the  Santee  River  from  St.  Stephens,  S.  C,  to  Wateree,  S.  C,  75  miles;  length  of 
the  Santee  River  below  St.  Stephens,  S.  C,  97  miles;  drainage  area  of  the  Santee 
above  St.  Stephens,  S.  C,  12,614  square  miles ;  drainage  area  of  the  Santee  below  St. 
Stephens,  S.  C,  2,800  square  miles.  The  river  gauge  was  erected  in  June,  1888,  by 
the  United  States  Engineer  Corps,  and  was  placed  in  possession  of  the  Weather 
Bureau  in  April,  1892.  Length  of  gauge,  20  feet ;  width,  0.5  foot ;  thickness,  0.1  foot. 
Gauge  painted  white ;  graduations  painted  black  in  feet  and  tenths,  the  whole  feet 
being  represented  by  brass  figures.  Position  of  gauge :  On  central  stone  pier  of  north- 
eastern railroad  bridge.  Elevation  of  zero  of  gauge  above  sea  level,  420  feet;  width 
of  river  at  St.  Stephens,  S.  C,  425  feet;  flood  or  danger  line,  20  feet;  river  overflows 
at  10  feet;  territory  overflows  at  this  gauge  reading  for  3  miles  on  each  side,  both 
north  and  south,  and  for  6  miles  below  and  above  St.  Stephens.  Highest  water 
known,  equal  to  reading  pn  the  gauge,  20.2  feet,  September  18, 1888 ;  lowest  water 
known,  equal  to  zero  reading  on  the  gauge,  July  18, 19, 1893. 

2.  The  river-gauge  station  in  the  Catawba  Basin  is  located  at  Camden,  S.  C. 
Xjength  of  the  Catawba  River  above  Camden,  230  miles ;  length  of  the  Catawba- 
Wateree  below  Camden,  270  miles ;  drainage  area  of  the  Catawba  above  Camden, 
7,892  square  miles;  drainage  area  of  the  Catawba- Wateree  below  Camden,  7,522 
square  miles.  The  river  gauge  was  constructed  by  the  United  States  Engineer  Corps 
in  1888,  abandoned  in  1890,  and  placed  in  the  possession  of  the  Weather  Bureau  in 
May,  1891.  Length  of  gauge,  36  feet ;  width,  0.8  foot ;  thickness,  0.1  foot,  fastened  to 
circular  iron  bridge  pier.  Gauge  painted  white ;  graduations  painted  black  in  feet  and 
tenths,  the  whole  feet  being  represented  by  brass  figures.  Position  of  gauge,  on  mid- 
dle railroad  bridge  pier.  Elevation  of  zero  of  gauge  above  sea  level,  175  feet;  width 
of  river  at  Camden,  S.  C,  315  feet;  flood  or  danger  line,  24  feet;  river  overflows  at  24 
feet;  territory  overflown  at  these  gauge  readings,  1  mile  each  on  both  sides.  High- 
est water  known,  equal  to  reading  on  the  gauge,  31.5  feet,  September,  1886. 

3.  The  river-gauge  station  in  the  Congaree  Basin  is  located  at  Columbia;  S.  C. 

10509— No.  17 5 


66 

Length  of  the  Congaree  River  and  its  trihutaries  ahove  Colamhia;  S.  C.^  210  miles; 
length  of  the  Congaree  River  helow  Columbia,  S.  C,  to  Wateree,  S.  C,  40  miles; 
drainage  area  of  the  Congaree  River  and  its  tributaries  above  Columbia,  S.  C,  7,987 
square  miles;  drainage  area  of  the  Congaree  from  Columbia,  S.  C,  to  Wateree, 
S.  C,  325  square  miles.  The  river  gauge  was  constructed  or  painted  by  the  United 
States  Engineer  Corps  in  1887,  abandoned  in  1890,  and  placed  in  possession  of  the 
Weather  Bureau  in  May,  1891.  Length  of  gauge,  26  feet;  width,  0.6  foot,  painted 
on  edge  of  stone  pier ;  thickness  of  gauge,  4.5  feet,  stone  pier.  Graduations  painted 
black  in  feet  and  tenths.  Position  of  gauge,  on  the  northeast  comer  of  central  pier 
Congaree  Toll  Bridge.  Elevation  of  zero  of  river  gauge  above  sea  level,  233  feet ; 
width  of  river  at  Columbia,  8.  C,  3,200  feet;  flood  or  danger  line,  15  feet;  river 
overflow?  at  14  feet ;  territory  overflown  at  this  gauge  reading,  1  mile  below  Colum- 
bia, S.  C.  Highest  water  known  at  these  gauge  readings,  24  feet,  September,  1888; 
lowest  water  known  at  the  gauge  readings,  0.4  foot,  June  20,  1893. 

Navigation  at  Granby,  S.  C,  on  the  Congaree  River  2  miles  below  Columbia,  S.  C, 
is  exceedingly  difficult ;  the  slope  of  the  natural  water  surface  is  made  up  of  a  sac- 
cession  of  pools  and  rapids. 

A  rise  of  4  feet  at  the  Gervais  Street  Bridge  is  equivalent  to  a  rise  of  8  feet  at 
Granby. 

At  a  5-foot  stage  steamers  can  go  up  the  river  to  Columbia,  but  under  many  diffi- 
culties, arising  from  loose  bowlders.  When  steamers  reach  the  Gervais  Street 
Bridge  they  are  at  the  lower  end  of  a  high-level  canal,  100  feet  wide  and  10  feet 
deep,  which  extends  for  3  miles  along  Columbia's  water  front.  The  canal  was  built 
to  develop  a  very  large  water  power. 

The  bench  marks  between  the  railroad  and  the  river  gauge  were  never  properly 
determined.  It  is  said  that  a  series  of  surveys  over  this  course  were  made  in  1858, 
bat  records  thereof  could  not  be  found.  Prof.  Benjamin  Sloan,  of  the  South  Caro- 
lina College,  at  Columbia,  S.  C,  very  kindly  ran  levels  back  and  forth  between 
these  two  points  for  this  office,  and  has  determined  the  elevation  of  the  zero  of  river 
gauge  above  sea  by  connection  with  South  Carolina  and  Georgia  Railroad  bench 
mark. 

THE  EDISTO  RIVER  BASIN. 

The  greater  part  of  the  drainage  area  of  the  Edisto  River  lies  in  Colleton  County, 
S.  C,  below  Edisto,  Barnwell  County,  S.  C,  where  the  South  Carolina  and  Georgia 
Railroad  crosses. 

The  Edisto  is  formed  by  the  Junction  of  the  North  and  South  forks,  which  unite 
in  the  southern  part  of  Orangeburg  County,  S.  C.  The  South  fork,  commonly 
known  as  the  South  Edisto,  is  the  main  river,  and  empties  into  the  St.  Helena 
Sound. 

Two  industries  are  carried  on  upon  the  extreme  ends  of  the  Edisto.  Timber  and 
lumber  is  rafted  in  great  quantities  down  the  Edisto  and  through  the  inland  connec- 
tions of  the  Edisto  to  Charleston.  Cross- ties,  shingles,  etc.,  are  also  shipped  down 
the  stream,  in  flatboals,  through  the  Charleston  and  Savannah  Railroad  drawbridge, 
where  steam  tng^  await  them  to  be  towed  to  Charleston,  S.  C. 

The  rice  interests  on  the  lower  Edisto,  at  and  below  the  Charleston  and  Savannah 
Railroad  bridge,  have  reached  immense  proportions.  The  rice  planters  in  this  sec- 
tion speak  in  highest  terms  of  the  Weather  Bureau,  which  has  been  the  means  of 
saving  them  one  crop  of  rice  since  the  establishment  of  the  river  gauge  at  Edisto, 
S.  C,  in  December,  1893. 

From  the  Edisto  Island,  South  Carolina,  to  a  point  near  Ridgeville,  S.  C,  on  the 
South  Carolina  and  Georgia  Railroad,  the  river  runs  through  an  open  and  swampy 
country.  There  is  no  habitation  on  this  stream  between  Jackionboro,  S.  C,  and 
Edisto,  Barnwell  County,  S.  C. 

The  eastern  side  of  the  drainage  area  runs  northerly  from  Osborn,  S.  C,  to  Holly- 
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hill,  8.  C. ;  tbence  northwesterly  to  Batesbarg,  Lexington  County,  S.  C.  The  west- 
ern limit  of  the  drainage  area  runs  close  to  the  Edisto  River  over  to  Smoaks,  S.  C. ; 
from  here  it  courses  northwestward  close  to  and  east  of  Aiken,  S.  C. ;  it  then  courses 
northward  to  Trenton,  the  southeast  portion  of  Edgefield  County,  where  it  ends. 

The  gauge  station  within  the  Edisto  basin  is  located  at  Edisto,  Barnwell  County, 
S.  C. 

Length  of  the  Edisto  Riyer  from  Guignards  Landing  to  Edisto,  Barnwell  County, 
S.  C,  at  the  South  Carolina  and  Georgia  Railroad  bridge,  77  miles;  length  of  the 
Edisto  River  from  Edisto,  S.  C,  to  the  Charleston  and  Savannah  Railroad  bridge 
at  Jaoksonboro,  S.  C,  144  miles;  length  of  the  Edisto  River  from  Jacksonboro,  S.  C, 
at  the  Charleston  and  Savannah  Railroad  bridge  to  the  Atlantic,  or  St.  Helena  Sound, 
39  miles;  total  drainage  area  of  the  Edisto  above  Edisto,  S.  C,  1,806  square  miles; 
total  drainage  area  of  the  Edisto  below  Edisto,  S.  C,  1,394  square  miles. 

The  river  gauge  was  erected  in  December,  1893,  and  belongs  to  the  Weather 
Bureau.  Length  of  gauge,  9  feet;  width,  0.8  foot;  thickness,  0.1  foot.  Gauge 
painted  white ;  graduations  painted  black,  in  tenths  of  feet — the  whole  feet  being 
represented  by  brass  figures;  position  of  gauge,  on  south  (downstream)  side  of  the 
South  Carolina  and  Georgia  Railroad  bridge ;  elevation  of  zero  of  gauge  above  sea, 
127  feet;  width  of  river  at  Edisto,  360  feet;  flood  or  danger  line,  6.5  feet;  river  over- 
flows at  7  feet.  Territory  overflown  at  this  gauge  reading,  for  2  miles  or  more  on 
each  side  of  the  stream.  At  a  gauge  reading  of  8  feet  the  water  spreads  out  for  4 
miles  or  more  on  each  side  of  the  stream.  Highest  water  known,  equal  to  a  reading 
on  the  gauge  of  8.5  feet,  July,  1889;  lowest  water  known,  equal  to  a  reading  on  the 
gauge  of  0.0  foot,  November,  1887. 

Unlike  other  streams,  the  Edisto  does  not  rise  over  1.5  feet  in  twenty-four  hours. 
Its  ranges  are  exceedingly  small,  due  to  its  excessive  width  above  and  below  Edisto, 
S.  C.  Below  a  gauge  reading  of  4.5  feet  it  rises  tolerably  fast;  above  this  gauge 
reading  it  will  continue  rising  at  the  rate  of  0.3  to  0.5  foot  per  day  for  about  four  or 
five  days,  remain  stationary  for  several  days,  and  then  recede  very  slowly,  the  rate 
of  decline  seldom  exceeding  0.2  tpot  per  day  for  a  week  or  more. 

A  copious  rainfall  of  about  1  to  2  inches  reported  from  Columbia,  S.  C,  or  Augusta, 
Ga.,  is  often  followed  by  a  rise  of  0.8  to  1.9  feet  at  Edisto,  S.  C,  within  three  to  four 
days.  This  increasing  volume  of  water  reaches  Jacksonboro,  S.  C,  144  miles  below 
Edisto,  S.  C,  within  six  days.  With  more  frequent  and  heavier  rainfall  over  the 
upper  drainage  area  of  this  stream  the  rate  of  increase  is  slightly  greater.  Good 
results  have  followed  the  forecasting  of  river  stages  on  this  stream  at  Jacksonboro, 
S.  C,  upon  this  basis. 

Aside  from  their  value  as  affording  the  means  for  predicting  rapid  rises,  the  streams 
in  the  third  or  Piedmont  region,  in  the  upper  part  of  the  State,  and  lying  to  the  north 
and  west  of  the  second  or  "  Sand  Hill  region,^'  possess  an  unlimited  supply  of  water 
power  for  milling  purposes.  This  section  of  the  State  has  a  good  average  rainfall  of  52 
to  60  inches  per  annum,  over  an  area  of  nearly  30,000  square  miles  of  drainage,  with  a 
large  storage  capacity  and  a  continuous  flow  of  water  throughout  the  year.  Advan- 
tages of  this  kind  are  of  considerable  value  to  concerns  which  depend  upon  water 
for  their  motive  power.  These,  coupled  with  a  good  climate,  together  with  unlim- 
ited resources  for  building  materials  of  every  description,  make  this  section  a  very 
desirable  locality  for  cotton  and  other  manufacturing  purposes.  It  is  doubtful  if 
any  other  State  in  these  United  States  can  furnish  a  more  varied  supply  of  water  for 
motive  power.    South  Carolina  is  second  on  the  list  of  cotton  mills. 

The  average  fall  of  water  in  the  streams  of  the  Piedmont  region  within  this  State 
is  about  6  feet  per  mile.  There  is  hardly  a  stream  of  any  size  that  will  not  give 
fairly  good  results  if  properly  "harnessed  in.''  As  yet  only  the  natural  heads  due 
to  direct  cascades  or  rapids  have  been  developed,  being  so  numerous  that  it  has  not 
been  necessary,  except  in  a  few  cases,  to  build  dams  of  any  considerable  height,  and 
in  many  cases  bolting  of  timber  to  ledges  was  all  that  was  required  for  damming 
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streams.  Up  to  the  present  time  only  a  few  of  the  large  powers  have  been  deyel- 
oped,  the  majority  of  those  used  being  small  ones,  ranging  from  1,200  horsepower 
down.  The  cotton  mills,  with  few  exceptions,  are  located  in  this  Piedmont  region. 
They  were  established  because  water  power  oonld  be  obtained  cheaper  than  steam 
at  the  time,  and  when  coal  was  double  the  price  it  is  now.  Not  only  is  good  water 
obtainable,  but  also  cheap  wood  fuel  as  well. 

There  are  three  flood  periods  within  the  basins  of  the  coast  region.  The  first 
period  occurs  during  January,  February,  and  March,  with  wonderful  regularity,  and 
is  caused  by  the  heavy  rain  and  snowfall  over  the  Piedmont  region. 

The  second  period  occurs  during  June  and  July,  when  the  summer  showers  pro- 
duce 3  to  6  inches  of  rainfall  in  as  many  hours.  This  period  is  irregular,  and  oecuss 
about  once  in  every  three  years. 

The  third  period  occurs  during  the  three  months  of  August,  S^tember,  and  Octo- 
ber, combined,  or  floods  may  occur  in  any  one  of  these  three  months,  between 
August  15  and  October  15.  This  flood  period  is,  fortunately,  quite  irregular,  oocnr- 
ing  once  in  every  three  years. 

The  floods  of  this  period  are  more  to  be  dreaded  than  those  occurring  at  any  other 
time  of  the  year. 

The  rainfall  within  this  period  results  from  the  tropical  hurricanes  which  graze 
our  coast  and,  at  times,  travel  over  the  State. 

The  rainfall  varies  from  6  to  12  inches  in  one  single  day.  Very  often  two-thirds  of 
the  rice  crop  will  become  ruined  from  floods  in  ten  hours.  Cases  like  these  have 
been  known  to  occur  three  years  in  succession. 

Since  the  thorough  reorganization  of  the  river  service,  in  August,  1891,  thousands 
of  dollars  have  been  saved  to  the  rice  planters,  stock  breeders,  steamboat  men,  and 
the  lumbermen  located  on  the  numerous  streams  in  the  eastern  section  of  this  State. 

CHATTANOOGA,  TENN. 

By  Mr.  L.  M.  FlNDKLL,  Observer, 

The  Tennessee  river  and  flood  system  was  first  organized  and  established  by  the 
Iron  and  Coal  Manufacturers'  Association  of  Chattanooga  in  1880,  with  Bev.  J.  W. 
Bachman  as  chairman.  It  was  Investigated  by  Lieut.  W.  £.  Wright,  Engineer 
Corps,  in  1883,  and  on  his  recommendation  was  turned  over  to  the  Signal  Service, 
War  Department  (now  Weather  Bureau,  United  States  Department  of  Agriculture), 
in  the  same  year.  This  system  embraces  the  Tennessee,  with  the  following  tributa- 
ries, viz:  Hiwassee,  Little  Tennessee,  French  Broad,  Holston,  Clinch,  and  PowolL 
All  of  these  tributaries,  except  Powell  and  Little  Tennessee,  have  river  stations. 
The  head  waters  of  these  tributaries  are  in  the  mountains  of  North  Carolina  and  Vir- 
ginia, and  the  Holston,  Little  Tennessee,  and  Hiwassee  have  a  rainfall  station  at 
their  heads.  From  Chattanooga  to  the  head  waters  there  is  a  drainage  area  of  81,600 
square  miles.  The  Frencli  Broad,  Holston,  and  Clinch  rivers  are  the  most  important 
factors  in  furnishing  the  Tennessee  with  her  water  supply.  The  Little  Tennessee  is 
an  important  river  also,  but  the  rise  in  this  tributary,  while  of  considerable  weight 
of  importance,  does  not  affect  the  main  body  of  the  Tennessee  River  like  the  Clinch, 
French  Broad,  and  Holston.  The  Hiwassee  is  a  very  quick  and  rapid  rising  tribu- 
tary ;  it  rises  sometimes  10  to  12  feet  in  one  day  and  falls  from  6  to  9  feet  the  next. 
If  the  Tennessee  River  is  high  and  has  begun  to  fall,and  the  Hiwassee  River  begins 
to  rise  rapidly,  the  only  effect  noticed  on  the  river  at  Chattanooga  is  that  the  fialling 
tendency  of  the  Tennessee  is  checked,  and  the  rise  out  of  the  Hiwassee  is  hardly 
noticed.  When  the  Tennessee  River  is  at  a  moderate  stage  of  about  5  to  8  feet,  and 
heavy  rains  of  2  to  3  inches  falling  only  over  the  Hi wassee  River,  that  river  wiU  rise 
rapidly,  but  only  about  a  3-foot  rise  will  occur  at  Chattanooga.  Under  ordinary 
conditions — that  is,  when  the  ground  is  fairly  moist  and  does  not  absorb  a  very  large 
amount  of  rain  and  when  the  rainfall  is  general  over  the  entire  system,  and  the  rise 
is  about  3.9  feet  for  every  inch  at  Clinton,  3.6  feet  at  KnoxviUe,  and  4.9  feet  at  Chat- 
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tanooga.  tf  the  river  is  at  abont  5  feet  at  Chattanooga,  and  a  general  rain  falls  over 
the  system,  the  first  inch  will  canse  a  rise  of  abont  7  feet,  the  next  inch  abont  5  feet, 
and,  as  the  river  reaches  the  25-foot  mark,  the  rise  is  about  4  feet  to  an  inch.  After 
it  passes  the  3S-foot  mark,  or  danger  line,  the  rise  is  less,  owing  to  the  backwater 
and  the  lowlands  to  be  flooded.  At  a  40* foot  stage  the  average  rise  is  2.5  feet  to  every 
inch  of  rain.  This  is  When  the  rainfall  is  general  and  steady;  bnt  when  the  rainfall 
18  exceedingly  heavy,  especially  when  the  river  is  abont  20  feet,  the  average  rise  is 
abont  4  feet  to  every  inch  of  rain  at  Chattanooga.  During  the  past  two  years  it  has 
been  frequently  noticed  that  a  general  rain  of  from  1  to  1|  inches  makes  a  very  little 
change  in  the  rivers  and  tribatarles.  This  is  especially  so  daring  the  summer  and  fall 
months,  and  the  only  solution  that  can  be  g^ven  for  it  is  that  the  ground  absorbed  a 
very  large  portion  of  the  rainfall.  It  has  also  been  noticed,  not  only  by  the  observer 
in  charge,  but  by  the  river  men,  that  the  river  has  fallen  faster  than  in  previous 
years  after  a  rise,  and  0.50  to  1  inch  of  rainfall  does  not  have  much  weight  in  check- 
ing its  falling  tendency.  This  fact  has  caused  the  river  men  much  worry,  as  it  has 
destroyed  all  their  calculations,  and  caused  trouble  in  navigating  the  river  during 
low  or  moderately  low  water.  It  has  been  noticed  that  heavy  rain  falling  over  the 
tributaries  on  the  south  side  of  the  Tennessee  River  causes  only  a  slight  rise  at  Chat- 
tanooga, but  when  the  heavy  rain  falls  over  the  northern  half,  or  entire  system,  the 
rise  is  greater  or  more  rapid  than  in  former  years,  and  it  is  the  opinion  of  all  inter- 
ested that  the  cause  is  directly  attributable  to  the  clearing  up  of  the  country  and  for- 
est, leaving  large  fields  of  exposed  lands,  from  which  the  water  runs  into  the  channel 
of  the  river  without  any  material  obstruction.  When  the  river  reaches  36.5  feet  at 
Chattanooga  the  people  in  the  lowlands  begin  to  move.  At  43-foot  stage  the  river 
backs  up  Chattanooga  Creek,  over  the  commons  near  Rouh's  cotton  mill,  and  covers 
the  Government  road  for  nearly  300  feet  to  a  depth  of  2  feet ;  it  crosses  William  and 
Long  streets,  and  the  blocks  from  Montgomery  avenue,  between  Williams  and  Long, 
are  covered  to  a  depth  of  2  to  3  feet ;  covers  Cowart  street  at  one  point,  and  reaches 
lower  floor  of  most  of  the  houses ;  Boyoe  street  is  covered  to  a  depth  of  2  to  3  feet,  and 
lower  end  of  Water  street  is  under  water.  The  river  extends  one-third  of  a  mUe  from 
river  banks  in  Hill  City,  at  42  feet.  When  the  river  is  34  feet  at  Loudon  the  lower 
portion  of  the  town  is  20  feet  under  water.  Thirty-foot  stage  at  Chattanooga  covers 
the  Chattanooga  Island  neai  the  river  gauge.  A  40-foot  stage  puts  the  Chattanooga 
Creek  on  the  floor  of  the  Whiteside  Street  Bridge.  The  river  begins  to  run  over  the 
railroad  track  in  front  of  the  Loomis  Hart  mill  at  36.9  feet.  The  Loomis  Hart  brick 
warehouse  is  surrounded  by  water  at  a  38-foot  stage.  Water  flows  over  Montgomery 
avenue  at  Standard  Oil  Company's  place  at  41.3-foot  stage.  At  a  51.6-foot  stage  water 
la  over  Ninth  street  in  front  of  Read  House.  During  the  past  summer  and  the  drought 
several  local  storms  have  occurred,  with  heavy  rainfall  over  some  of  the  tribu- 
taries, which  have  caused  sudden  and  expected  rises  in  the  river  at  this  point  (Chat- 
tanooga). It  appeared,  from  the  muddy  condition  of  the  water,  that  the  rain  fell 
so  heavily  that  it  all  ran  off  into  the  river,  and  the  ground  absorbed  very  little. 
The  logmen  watch  the  river  and  rainfalls  very  closely,  and  when  heavy  rains  occur, 
enough  to  cause  a  good  rise  of  10  to  15  feet,  telegraph  their  agents  on  the  head  waters, 
and  have  their  rafts  floated  down  at  once.  The  inclosed  table.  No.  1,  shows  the 
average  rise  for  every  inch  of  rainfall  at  each  station  in  the  Tennessee  river  and 
flood  system  during  each  freshet,  frY>m  1880  to  1893,  inclusive,  and  has  been  used  to 
great  advantage  by  the  observer  in  charge  in  making  estimates  of  rises  in  the  river 
up  to  30  feet.  Table  No.  2  shows  the  error  in  computing  rises  from  amount  of  rain- 
fall by  use  of  the  mean  average  rise  per  inch  of  rain.  The  table  is  only  given  to 
show  how  great  an  error  can  be  made  by  depending  upon  the  amount  of  rainfall 
entirely,  without  considering  the  condition  of  the  ground  and  the  general  character 
of  the  rainfall,  whether  it  is  uniform,  or  comparatively  so,  over  the  system,  or  not. 
It  has  been  proven,  by  tests  and  observations  by  the  City  Water  Company,  that 
between  20  and  30  feet  daring  a  rise  the  river  is  muddier  and  contains  more  quick- 
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sand,  dirt,  leaT^s,  and  other  obstrjictions  than  when  it  is  higher,  and  this  sedimeuty 
mud,  etc.,  extends  from  the  top  to  the  bottom,  as  proven  by  the  filters  of  the 
water  company;  they  have  become-  clogged  up  and  would  not  work,  and  the  super- 
intendent, Mr.  C.  D.  Barstow,  has  informed  me  that  it  is  astonishing  to  see  the 
amount  of  quicksand  and  leaves  taken  from  the  filters  and  around  the  suction  valve 
after  the  river  falls.  The  discharge  of  the  river  when  rising,  at  25  feet,  with  a 
cross  section  of  36.64S  square  feet,  is  156,187.264  cubic  feet  per  second,  and  when 
falling,  at  the  same  height,  viz,  25  feet,  the  discharge  is  151,659.945  cubic  feet  per 
second.  These  measurements  were  made  from  the  Hamilton  County  Bridge,  on  May 
5  and  8, 1893,  by  L.  M.  Pindell,  observer  Weather  Bureau. 

I. — Table  8hat€ing  average  rise  for  every  inch  of  rainfall  at  each  elation  during  each 

freshet  from  1880  to  1893,  inclusive. 


D»te. 

Chatta- 
nooga. 

Bock- 
wood. 

Kings- 
ton. 

Charles- 
ton. 

London. 

Clinton. 

Knox- 
ville. 

Straw- 
berry 
Plaina. 

Lead- 
Tille. 

March.  1880 

Ft.  In. 

2  5 
8    0 
4    6 

4  7 

3  9 
7    6 

3  6 

5  1 
5    9 
5    2 

4  5 

Ft.  In. 

Ft.  In. 

Ft.  In. 

Ft.  In. 

Ft,  In. 

Ft.  In. 

Ft.  In. 

Ft.  In. 

Jftmiftrv.  1R82 

•Tannfu^.  1888 

February,  1884 

8    3 

3  1 

4  1 

2    9 
8    0 

8    4 

3  9 
5    2 

4  0 
2    8 
4    9 
4    0 
8    2 

4  1 

2  7 

5  1 
4    8 

3  3 

4  5 
2    8 
8    0 

2  5 

3  3 

4  7 

5  2 
2    8 
4    8 
2    0 
2    6 

2  3 

3  9 

4  4 

4    3 
2    9 
4    7 
8    8 
4    2 

2  3 

3  3 
8    8 

5  6 
2    4 

6  6 
2    7 
2    8 

"i'i" 

1  4 
8    9 

2  2 
2    8 

8    8 

March  and  April,  1880.  . 
March.  1884 

8    6 
4    7 

Febmarv.  1891 

March.  1891 

•Tonnarv.  1RB2 

ADrn.1892 

Febraarv.  1893 

Mean  average 

4    9 

3    6 

3    9 

3    8 

8    e 

3    9 

3    6 

2    8 

4    0 

II. — Table  showing  the  error  in  computing  risee  from  amount  of  rainfall  by  use  of  the 
mean  average  rise  per  inch  of  rain,  for  every  freshet  that  has  occurred  since  1884, 


Bate. 


Febroary,  1884 

March,  1884 

April,  1886 

February    and    March, 

1890 

Febroary,  1891 

March,  1891 

January,  1892 

April.  1892 

February,  1893 

Average  error. . . . 


Chatta- 
nooga. 


Ft.  In. 
+  1  2 
—12  2 
-fll    2 

—13  9 
+  88 
—  10 
^4  9 
-18 
2    7 


6    4 


Bock- 
wood. 


Ft.  In. 


—6    2 


-3    8 

+  1  6 
+3  1 
-2    2 

+3    3 

+3    4 


3    4 


Kings- 
ton. 


Ft.  In. 
+2  8 
—6  2 
-0    2 


— 0 

+0 
—A 
-0 


2 

4 
3 
1 
5 
0 


2    7 


Charles- 
ton. 


Ft.  In. 

—  18 

—  62 

+11    7 

—  2    6 

—  36 
+  25 

—  39 
+  63 
+  35 


4    5 


Loudon. 


Ft.  In. 

+  58 
—  49 
+  23 


—  3 

—  4 


7 
9 


+  30 


-  5 
+10 


5 
0 


+  58 


Clintoa 


5    2 


Ft.  In. 

+8  4 

—6  2 

+2  1 

-3  2 

-1  6 

+  5  8 

—2  9 

+0  5 

—2  1 


3    1 


Knox- 
Tille. 


Ft.  In. 

+5  2 
-3  0 
+2    8 


— 1 
—6 

+6 
—9 
+4 


0 
0 
5 
1 
1 


+7    9 


4    8 


Straw- 
berry 
Plains. 


Ft,  In. 


-0    8 
+8    4 


2 

— 0 


9 
6 


+5  6 
—8  5 
+2  6 
+0    8 


8    7 


Lead- 
viUe. 


Ft.  In. 
+0  0 
—1    5 

+1    » 


DAVENPORT,  IOWA. 

By  Mr.  F.  J.  Walsb,  Observer, 

The  first  tributary  of  any  consequence  entering  the  Mississippi  River  is  the  Minne- 
sota, which  enters  at  Fort  Snelling,  about  6  miles  above  St.  Paul.  This  river  has  a 
drainage  area  of  12^19  square  miles. 

From  St.  Paul  to  Prescott,  Minn.,  a  distance  of  30  miles,  the  Mississippi  River  is 
rather  sluggish,  with  easy  current  and  high  banks.  The  river  has  been  much 
improved  for  navigation  within  the  past  few  years  by  the  putting  in  of  numerous 
wing  dams  and  cutting  off  sloughs.  There  is  from  3^  to  4  feet  of  water  in  channel 
at  lowest  water  stage. 
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The  St.  Croix  Rlvei,  with  a  drainage  area  of  7,146  square  miles,  enters  the  Missis' 
sippi  at  Prescott  from  the  west.  From  this  point  to  Lake  Pepin  the  river  rons  in  a 
slaggiflh  current,  but  with  very  good  navigation  and  much  improved,  through  a 
valley  of  fh)m  2  to  4^  miles  wide,  keeping  well  to  the  east  side  of  the  valley.  About 
6  milee  above  Lake  Pepin  the  river  crosses  the  valley  and  spreads  out  through  a 
number  of  channels,  forming  numerous  sl6ughs  and  small  lakes. 

Lake  Pepin  is  a  lake  formed  in  the  Mississippi  River,  and  is  about  20  miles  long 
and  from  2  to  3  miles  wide  and  varies  in  depth  from  20  to  90  feet.  It  contains  no 
current. 

At  Beads  Landing,  just  below  Lake  Pepin,  the  Chippewa  River,  with  a  drainage 
area  of  9,708  square  miles,  enters  the  Mississippi.  From  this  point  to  where  the 
Wisconsin  enters,  a  distance  of  151  miles,  the  Mississippi  runs  through  a  sandy  valley 
of  some  2  miles  in  width  and  high,  picturesque  bluffs,  with  a  moderate  current, 
winding  about  and  crossing  from  side  to  side  of  this  valley,  forming  a  very  crooked 
stream,  with  alluvial  banks  and  many  islands  and  sand  bais. 

In  this  section  is  the  most  obstructed  part  of  the  river,  though  it  has  been  con- 
siderably improved,  and  the  greater  part  now  furnishes  good  navigation,  and  a 
4-foot  depth  is  maintained  in  channel  at  low-water  stage.  The  Chippewa  carries 
down  from  Wisconsin  much  sand  and  deposits  it  over  this  section,  which  is. the  cause 
of  a  great  deal  of  trouble  to  navigation  and  improvement.  A  large  part  of  the  river 
business  begins  from  the  Chippewa,  as  immense  log  booms  are  constructed  in  that 
vicinity  from  which  rafts  are  made  up,  and  out  of  which  springs  a  great  portion  of 
the  upper  river  traffic  and  industries. 

The  Black  River,  with  a  drainage  area  of  4,601  square  miles,  enters  at  La  Crosse, 
Wis.,  72  miles  from  the  Chippewa.  From  this  point  to  the  Wisconsin  River  the  Mis- 
sissippi is  a  very  sluggish  stream  and  covers  almost  the  whole  valley,  which  is  from  2 
to  4  miles  wide.  This  section  is  now  considered  the  most  troublesome  and  hardest  for 
navigation,  though  it  has  been  much  improved  by  the  cutting  off  of  a  number  of  the 
sloughs,  thus  confining  the  water  more  to  the  main  channel. 

From  the  Wisconsin  to  the  Rock  Island  Rapids  the  Mississippi  continues  with 
gentle  current,  crossing  and  recrossing  the  valley,  which  narrows  to  about  1  to  1^ 
miles  in  width,  to  the  Galena,  a  distance  of  70  miles,  and  then  widens  out  to  4  to  5 
miles  in  width. 

Over  the  Rock  Island  Rapids,  which  extend  from  Le  Claire,  Iowa,  to  Davenport^ 
Iowa,  a  distance  of  16  miles,  the  Mississippi  narrows  to  about  three-fourths  of  a  mile 
in  width,  and  has  a  swift  current,  running  from  6  to  7  miles  per  hour.  In  this  dis- 
tance there  are  numerous  chains  of  rocks,  which,  in  connection  with  the  swift  cur- 
rent, makes  navigation  dangerous,  and  necessitates  the  employment  of  special  pilots 
fbr  the  rapids.  These  rapids  have  been  much  improved  for  navigation  by  cutting 
channels  through  the  rock  chains  and  by  a  system  of  wing  dams  put  in  to  distribute 
the  fall  and  throw  the  water  into  the  channels.  By  the  extension  of  these  improve- 
ments navigation  is  being  made  safer  each  year  and  a  4-foot  depth  maintained  at 
low- water  stage. 

From  the  rapids  to  Muscatine  the  river  widens  out  and  becomes  a  shallow  stream 
with  slack  current.  Navigation  is  troublesome  in  some  places  during  low  water,  but 
is  being  improved.  The  river  valley  varies  from  1^  to  2  miles  m  width  between  the 
bluffs. 

Rock  River,  with  a  drainage  area  of  9,692  square  miles,  enters  the  Mississippi  1 
mile  below  Daveuport. 

Storage  reservoirs, — Several  storage  reservoirs  have  been  constructed  at  the  head 
waters  of  the  Mississippi  River,  the  principal  being  at  Pokegema  Falls.  The  low- 
water  volume  of  the  Mississippi  at  Pokegema  Falls  varies  from  500  to  1,000  cubic 
feet  per  second,  depending  on  the  meteorological  conditions.  The  increment  of  the 
volume  due  to  the  reservoir  water  is  felt  at  St.  Paul  in  from  seven  to  ten  days, 
depending  upon  the  stage  and  current  at  the  time,  and  causes  a  rise  m  the  stage  of 


72 

the  water  at  St.  Panl  of  from  0.7  to  1.2  feet,  whieh  is  maintained.  This  rise,  however, 
is  scarcely  appreciable  below  Lake  Pepin. 

Commerce  and  navigation. — The  most  important  business  carried  on  in  connection 
"with  the  navigation  of  the  Upper  Mississippi  River  and  its  principal  tribntaries  is 
the  lumber  trade.  Along  the  river  are  some  60  large  sawmills,  which  manufacture 
over  2,000,000,000  feet,  B.  M.,  of  lumber,  and  750,000,000  shingles  and  lath,  the  larger 
part  of  which  is  carried  for  greater  or  less  distance  on  the  Mississippi  River,  either 
as  logs  or  lumber. 

The  average  yearly  tonnage  of  the  Upper  Mississippi  River  for  the  past  eight  years 
was  3,550,000  tons,  and  150,000  passengers,  not  including  those  of  ferry  and  excur- 
sion boats. 

I. — Drainage  area  of  the  Upper  Miseiseippi  Riner  at  it$  principal  tributaries  to  the  mouth 

of  ike  Back  River, 


Square  iailes. 

1.  Area  above  St.  Paul 19,903 

2.  Minnesota  River 12, 119 

3.  St.  Croix 7,146 

4.  Cannon' 1,690 

6.  Chippewa 9,708 

6.  Zumbro 1,604 

7.  Black 4,601 

8.  Root 1,823 


Sqnare  mUes. 
9.  Upperlowa 1,376 

10.  Yellow 652 

11.  Wisconsin 12,867 

12.  Turkey  River 1,589 

13.  Maquoketa  River 2, 209 

14.  Galena  River 1,895 

15.  Wapsipinicon  River 2, 957 

16.  Rock  River 9,692 


II. — The  total  drainage  area  of  the  Mississippi  River  from  Rock  River  northward, 
including  all  creeks  and  small  rivers,  is  93,000  square  miles. 


Hed  Wing,  Minn 

Prescott,  Minn 

Reads  Landinj^,  Minn 

'Winona,  Minn 

La  Crosse,  Wis 

McGregor,  Iowa 

Dubnqne,  Iowa 

Sabola,  Iowa 

Clinton,  Iowa 

Leclaire,  Iowa 

Davenport,  Iowa 

Mnscatine,  Iowa 


Difference  in  elevation 

Distance 

from 
StPanL 

Distance 
apart. 

(above  sea  level). 

Standard 

Standard 

high  water. 

low  water. 

iftte*. 

ifilM. 

Feet, 

FeeL 

63 

22 
30 
32 

14.87 

80 

15.25 

84 

1.35 

.85 

125 

41 

22.06 

24.30 

156 

81 

13.55 

12.58 

231 

75 

22. 31 

290 

69 

16.93 

19.98 

837 

47 

15.93 

14.10 

358 

21 

5.49 

5.40 

381 

23 

10.03 

8.37 

397 

16 

15.93 

ao.74 

426 

29 

12.89 

11.  OQ 

GAUGB  RELATIONS  FOR  SEVERAL  REPORTING  STATIONS  BETWEEN  ST.  PAUL  AND 
DAVBNPORT,  PLATTED  WITH  TRIAL  INTERVALS  IN  ACCORDANCU  WITH  THE  METHOD 
OF  MR.  JAMBS  A.  SEDDON. 

.  Up  to  the  crest  on  both,  the  rising  and  falling  stages,  each  point  in  a  flood  wave 
at  the  npper  gauge  mnst  have  its  period,  after  which  the  same  value  of  discharge — 
and  hence  the  true  equivalent  of  its  gauge  height — would  be  found  at  the  lower 
gauge,  due  allowance  being  made  for  intermediate  tributary  increment,  or  when 
the  increments  from  tributaries  are  immaterial.  If,  in  platting  a  trial  gauge  relation, 
the  assumed  time  interval  were  less  than  the  true  period,  or  too  short,  then  on  the 
rising  stage  the  lower  gauge  values  taken  would  not  have  had  time  to  rise  to  their 
true  equivalent  value,  and  would  be  too  small  in  proportion  to  the  rapidity  of  the 
rise.  In  the  same  way  on  the  falling  stage,  the  lower  gauge  values  would  not  have 
fallen  enough,  and  would  be  too  large  in  proportion  to  the  rapidity  of  the  fall.    By 
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the  same  reaaoning;  if  the  trial  interval  had  been  too  long,  the  lower  gauge  values 
wonld  have  been  too  large  on  the  rising  and  too  small  on  the  falling  stages;  and  if 
between  the  trial  intervals  an  interval  is  fonnd  which  causes  the  relation  to  plat 
with  the  rising  and  falling  stages  coinciding  throughout,  or  following  nearly  the 
same  line,  it  shows  that  this  interval  is  the  true  time  interval  of  flood  movement 
between  the  two  gauges. 

As  this  flood  (May  15  to  June  6, 18d4)  was  a  typioal  one,  in  that  it  was  almost 
entirely  caused  by  heavy  rains  in  one  or  more  showers  very  close  together  (May  15 
to  18)  over  Minnesota  and  Wisconsin,  the  upper  drainage  area  of  the  Davenport 
district,  and  consequently  the  greater  part  of  the  water  passed  down  the  river  in 
one  continuous  flood,  thus  producing  fair  gauge  relations,  I  have  with  care  platted 
it  in  accordance  with  the  above  simple  law,  believing  that  a  nearly  true  time  inter- 
val for  the  reaches  between  the  reporting  stations  would  be  found. 

Of  course,  in  applying  these  time  intervals  in  forecasting  river  stages,  due  atten- 
tion would  have  to  be  paid  to  rainfall  distributed  over  the  drainage  area,  and  the 
increment  from  intermediate  tributaries.  The  effect  of  the  latter  in  this  instance  is 
plainly  shown  in  the  platted  relations  by  their  inclination  and  straightness. 

DUBUQUE,  IOWA. 

By  Mr.  T.  W:  Rubtb,  Observer. 

The  Mississippi  River  for  a  distance  of  about  60  miles  north  of  Dubuque,  Iowa,  is 
bounded  on  the  Iowa  side  by  the  counties  of  Allamakee,  Clayton,  and  Dubuque ;  on 
the  Wisconsin  side  by  Crawford  and  Grant  counties.  South  of  Dubuque,  on  the 
Illinois  side,  the  river  is  bounded  by  the  county  of  Jo  Daviess,  and  on  the  south 
Iowa  side,  by  the  county  of  Clinton. 

Bluffs  from  50  to  150  feet  high  form  the  embankments  of  the  river,  generally  rising 
almost  perpendicularly  from  the  level  of  the  water,  appearing  like  palisades  covered 
with  trees  and  underbrush. 

The  many  creeks  and  small  rivers  find  their  outlet  into  the  Mississippi  through 
ravines  which  through  ages  have  been  out  down  to  the  bases  of  the  bluffs. 

These  high  embankments  of  the  river  are  a  natural  protection  against  floods  and 
the  increased  volume  of  water  which  at  times  the  river  pours  down  from  the  upper 
coiintry.  As  the  farming  lands  are  mostly  some  distance  inland  from  the  river,  the 
damage  from  high  water  is  not  so  great  as  might  appear,  excepting  in  the  immediate 
vicinity  of  Und  at  the  city  of  Dubuque,  which  latter  place  covers  a  more  exposed 
flat  territory  and  has  been  on  several  occasions  visited  by  disastrous  inundations. 

The  prineipal  smaller  and  larger  rivers  tributary  to  the  Mississippi  in  the  counties 
north  of  Dubuque  are  the  upper  Iowa,  in  Allamakee  County,  and  the  Turkey  River, 
in  Clayton  County,  Iowa.  Below  Dubuque,  in  Jo  Daviess  County,  111.,  the  Galena 
empties  into  the  Mississippi,  and  on  the  opposite  side  the  Maquoketa,  in  Jackson 
County,  Iowa,  and  the  Littre  Maquoketa,  just  above  Dubuque,  and  on  the  east  side 
the  Wisconsin  River,  in  Crawford  County,  Wis.,  and  the  Grant  and  Piatt  rivers,  in 
Grant  County,  Wis.  Besides,  these  numerous  streams  and  creeks  have  their  tributa- 
ries, and  in  the  early  spriug,  after  great  snowfalls,  these  waters  often  assume  formi- 
dable proportions,  and  if  a  season  of  rains  adds  to  these  volumes  of  water  the  Missis- 
sippi rises  and  overflows  its  banks  in  the  bottom  lauds  and  great  damage  is  often 
the  result.  The  immense  pine  forests  of  Wisconsin  are  generally  covered  with 
great  depth  of  snow,  which  does  not  melt  until  late  in  the  spring,  often  as  late  as 
April  and  May,  and  as  the  rain  season  sets  in  about  that  same  period  it  results  in 
floods,  which  the  great  river  sends  down  from  Minnesota  and  Wisconsin.  Thus 
while  the  country  above  Dubuque  is  generally  protected  by  the  high  rocky  embank- 
ments, in  Jo  Daviess  County,  lU.,  opposite  and  below  Dubuque,  the  hills  disappear 
and  recede  a  great  distance  from  the  river,  leaving  a  low  stretch  of  land  for  miles 
south  exposed  to  floods.    Dubuque  has  experienced  several  visitations  from  high 
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water,  particularly  in  the  years  of  1880,  1881,  and  1888,  when  the  entire  lower  part 
of  the  city,  with  its  mannfactnring  district,  sawmills,  and  lumber  yards,  has  been 
submerged,  causing  great  damage. 

In  1880  the  highest  water  mark  was  28.8,  and  in  1881,  21.2,  and  in  1888,  21.7. 

In  late  years  the  authorities  have  improved  the  river  banks  at  Dubuque  by  the  use 
of  sand  pumps,  which  take  the  sands  from  the  bottom  of  the  river  and  pumps  it  on 
land,  raising  the  banks  to  greater  height  and  forming  exceUent  protection  against 
floods  of  moderate  proportions. 

The  river  has  been  known  to  rise  to  a  great  height  in  midsummer  when  oontinnons 
heavy  rainfalls  swell  the  smaller  waterways  into  greater  proportions,  and  so  increas- 
ing the  volume  of  all  the  tributaries  of  the  Mississippi  sufficiently  to  cause  a  great 
rise  of  water. 

Immediately  below  Dubuque,  about  2  tniles,  is  the  little  Catfish  Creek,  which 
originates  as  a  small  brook  in  Dubuque  County  and  flows  through  quite  a  large  bed 
with  high  embankments  through  a  hilly  wooded  country,  emptying  into  the  Missis- 
sippi after  passing  through  the  village  of  Rockdale,  10  miles  south  of  Dubuque. 

During  the  night  of  the  3d  of  July,  1876,  a  tremendous  thunderstorm  visited  this 
city  and  neighborhood,  lasting  with  unabated  fury  from  July  3,  10  p.  m.,  until  the 
next  morning  at  4  a.  m.,  during  which  time  an  uninterrupted  rainfall  .inundated  the 
entire  vicinity. 

On  this  occasion  the  usually  diminutive  CUtfish  Creek  had  grown  into  the  propor- 
tions of  a  good-sized  river,  full  to  its  high  banks,  carrying  houses,  bridges,  bamS| 
and  cattle  along  its  surface  and  drowning  44  people  of  Rockdale,  sweeping  away 
almost  the  entire  little  village.  This  incident  shows  the  effect  of  great  rainfalls 
upon  small  bodies  of  water  in  this  vicinity  and  the  destruction  which  may  be  caused 
thereby. 

As  the  country  becomes  more  populated  and  settled  greater  precaution  is  taken  in 
guarding  against  these  floods,  by  improving  the  banks  of  the  rivers  and  placing 
buildings  or  planting  crops  where  there  is  less  danger  from  flood  disasters. 

FORT  SMITH,  AHK. 

By  Mr.  J.  J.  O'DomvsLL,  Obterver. 

The  rivers  and  creeks  of  this  vicinity  tributary  to  the  Arkansas,  for  a  distance  of 
141  miles  west  and  150  miles  east  of  Fort  Smith,  viz,  from  Fort  Gibson  to  Darda- 
nelles Ark.,  are  described  below. 

West  of  the  Ozark  Mountains  and  on  the  north  side  of  the  Arkansas  River  are  the 
following  streams,  distant  from  Fort  Smith :  Camp  Creek,  8  miles ;  Sallisaw  Creek,  65 ; 
Vian  River,  80;  Illinois  River,  100;  Greenleaf  River,  110;  Grand  River,  140;  Verdi- 
gris River,  141.  Those  creeks  (excepting  Illinois,  Grand,  and  Verdigris)  have  their 
head  waters  in  the  Cherokee  Nation,  varying  in  width  from  50  to  100  feet,  with  rock- 
slate  and  flint  bottom.  They  have  a  very  rapid  current,  being  all  known  as  mountain 
streams.  The  Illinois  River,  with  its  tributaries,  drains  part  of  Washington,  Craw- 
ford, and  Benton  counties.  Ark.  It  is  150  feet  wide  at  its  mouth,  with  banks  from 
20  to  25  feet  high.  It  is  not  navigable,  but  logs  are  rafted  on  it  for  a  distalice  of  100 
miles  from  its  mo\ith.  The  current  is  rapid — about  8  or  10  miles  an  hour  Wheb  half- 
bank  full.    It  has  a  rock-slate  bottom. 

The  Grand  River,  with  a  gravel  bottom,  is  500  feet  wide  at  its  mouth,  with  banks 
25  feet  high;  is  navigable  for  40  miles  to  the  junction  of  Neosho  and  Spring  rivers. 
The  Neosho,  the  principal  stream,  is  navigable  for  50  miles  farther  up ;  the  current 
of  the  river  when  flooded,  was  measured  by  Signal  Service  Observer  Campbell  and 
Captain  Blakely  in  1882  to  be  12  miles  at  Fort  Gibson,  2  miles  from  its  mouth.  This 
river  has  its  head  waters  in  Kansas,  and  drains  the  western  parts  of  McDonald,  New- 
ton,  and  Jasper  counties.  Mo. 

The  Verdigris  River  is  in  close  proximity  to  the  Grand  River  and  is  as  large,  emp- 
tying its  waters  1  mile  westward ;  banks  about  20  feet  wide.    It  is  navigable  for  13 
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miles  to  the  falls,  where  ft  ledge  of  rocks  about  4  feet  high  cross  the  river.  Above 
these  falls  it  is  navigable  for  5  miles  for  flat-bottom  boats  of  3  feet  draft. 

On  south  side  are  the  Porteau  at  Fort  Smith,  SOO  feet  wide,  rock  bottom,  west  bank 
20  feet  for  5  miles  from  its  mouth.  Crozier  Creek,  30  miles  west,  and  Lan  Bois,  50 
miles  west,  etc.,  streams  of  inconsiderable  size,  from  40  to  50  feet  wide. 

The  Canadian,  95  miles  west,  is  about  1,000  feet  wide,  with  sandy  bottom,  banks  22 
to  25  feet,  is  navigable  50  miles  to  the  junction  of  North  and  South  forks  and  to 
Eufaula  on  North  Fork,  8  miles  farther.  No  information  can  be  procured  regarding 
the  Cimarron  River. 

Relative  to  floods  and  high  water  in  the  Arkansas  River,  it  is  claimed  that  west 
of  Great  Bend  floods  do  not  materially  affect  the  river  at  this  place.  The  principal 
floods  come  on  the  north  side  from  the  Ulinois,  Grand,  and  Verdigris;  on  the  south 
side,  the  Porteau  and  Canadian.  It  can  easily  be  discovered  when  the  rise  comes 
out  of  the  Canadian,  it  being  very  muddy,  with  a  reddish  tint,  leaving  a  deposit  of 
mud  and  clay  of  from  6  to  20  inches  on  the  wharf  and  gauge.  This  remains  on  the 
wharf  until  washed  off  by  rain  or  a  rise  from  the  Porteau  or  north-side  streams. 

The  Porteau  has  head  waters  in  Porteau  Mountains  in  Scott  County,  50  miles  south. 
When  the  Porteau  has  17  or  18  feet  of  water,  and  there  are  4  to  6  feet  on  gauge,  it  will 
raise  the  gauge  to  16  feet.  When  the  Canadian  is  bank  full  and  6  feet  of  water  on 
gauge,  it  will  be  raised  to  at  least  20  feet.  The  Grand  and  Verdigris  rivers,  together 
with  17  or  18  feet  of  water,  about  equal  the  Canadian.  When  the  Canadian,  with 
either  of  the  Illinois,  Grand,  or  Verdigris,  comes  out  strong  with  about  16  or  17  feet, 
and  there  is  5  or  6  feet  on  gauge,  the  Arkansas  bottom  lands  will  overflow  for  a  dis- 
tance of  100  miles  west  and  east.  When  all  streams  come  out  the  water  is  backed  in 
the  Arkansas  above  Fort  Gibson  and  the  bottom  lands  will  be  flooded  several  feet. 
High  water  is  much  more  frequent  from  the  Canadian  River  country  than  any  other 
section. 

East  of  Fort  Smith  the  principal  creeks  on  north  side,  distant  fh>m  Fort  Smith,  are 
Lees  Creek,  9  miles,  200  feet  wide  with  10  feet  fall  in  one-quarter  mile  from  its 
moath ;  Frog  Bayou,  45  miles,  200  feet  wide ;  Mulberry  Creek,  60  miles,  200  feet  wide ; 
Piney  Creek,  130  miles,  250  feet  wide ;  Illinois  Bayou,  140  miles,  250  feet  wide.  These 
streams  have  head  waters  in  Boston  Mountains,  northwestern  Arkansas,  and  drain  a 
large  area  of  prairie  country.  Having  a  considerable  fall,  they  send  off  large  volumes 
of  water  very  rapidly.  There  are  none  of  them  navigable  for  any  great  distance. 
On  south  side  are  Vashgrass  Creek,  25  miles,  and  Shoal  Creek,  120  miles,  streams 

similar  to  those  on  north  side,  but  not  quite  as  large,  being  only  about  150  feet  wide* 

■ 

HANNIBAIi,  MO. 

By  Mr.  Wm.  A.  Munokb,  of  Hannibftl,  Mo. 

I  estimate  the  watershed  of  the  Missouri  side  as  about  100  miles  in  length  by  an 
average  of,  say,  55  in  width,  or  5,500  square  miles.  The  chief  waterways  that  carry 
the  water  to  the  Mississippi,  beginning  on  the  north,  are  the  Fox,  Wyaconda,  North 
and  South  Fabins,  North  and  South  rivers  in  Marion  County,  the  Salt,  and  the  Cuivre. 

On  the  east  side,  in  Ulinois,  the  watershed  extends  from  opposite  Keokuk  to  the 
mouth  of  the  Illinois,  100  miles  in  length  by  an  average  of  20  in  width,  or  2,000  square 
miles.  This  gives  a  total  of  about  7,500  square  miles'  watershed  between  south  of 
Iowa  line  and  the  junction  of  Illinois  and  Mississippi  rivers.  The  chief  portion  of 
the  water  from  the  Illinois  shed  here  mentioned  enters  the  Mississippi  River  at  lower 
portion  of  this  district,  owing  to  the  Shy  levee.  It  is  my  observation  that  when  the 
Mississippi  River  is  at  a  fair  stage,  say,  7  to  10  feet  of  water,  that  a  stream  the 
capacity  of  the  Des  Moines  is  able  after  a  good  rainfall  of,  say  3  inches,  to  discharge 
sufficient  water  to  raise  the  stage  at  Hannibal  3  feet. 

It  is  the  accepted  rule  here  that  at  high  stage  of  river  a  rise  travels  at  the  rate  of 
30  miles  in  twenty-four  hours,  or  1^  miles  per  hour.  We  noticed  the  past  season  that 
on  June  4  the  Keokuk  high  stage  was  11  feet  4  inchesj  and  on  the  6th,  at  Hannibal, 
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it  Was  12  feet  2  inches,  aad,  as  no  local  rains  occurred,  this  shows  a  difference  in 
gauge  at  the  two  places  of  10  inches.  This  is  perhaps  owing  to  the  bridge  and  levee 
forcing  the  water  into  a  more  confined  channel.  In  no  case  daring  the  past  twenty 
years  have  we  had  extreme  high  water,  20  feet  and  over,  unless  preceded  by  heavy 
rains  on  the  upper  river  above  Davenport.  If  about  ten  days  or  two  weeks  later 
there  are  heavy  rains  in  central  and  southern  Iowa,  the  meeting  of  flood  waters  in 
vicinity  of  Keokuk  never  fails  to  cause  trouble  here  and  bring  extreme  high  water; 
in  fact,  in  no  case  can  I  recall  a  break  on  our  levee  but  that  we  considered  the  water 
from  the  Des  Moines  was  the  cause  of  it. 

HARRISBTJBO,  PA. 

By  Mr.  Frank  Ridowat,  Observer. 

The  Susquehanna  River  rises  in  the  southwest  portion  of  New  York  State,  and, 
from  the  head  waters  to  Sun  bury,  Pa.,  it  is  called  the  North  Branch,  which  has  a 
watershed  of  about  12,000  square  miles.  The  northern  half  of  Bradford,  the  whole 
of  Tioga,  and  nearly  the  half  of  Potter  County  send  their  waters  into  the  Susque- 
hanna through^the  Chemung,  which  has  a  drainage  of  2,518  square  miles  and  empties 
into  the  North  Branch  2  miles  below  Athens,  in  Bradford  County.  In  addition  to 
this,  the  river  receives  waters  f^om  the  southern  half  of  Bradford  and  northern  half 
of  Sullivan  counties  through  its  numerous  tributaries.  These  empty  into  it  as  it 
flows  through  Bradford,  Susquehanna,  Lackawanna,  and  Luzerne  counties,  which 
contribute  their  entire  drainage  to  the  North  Branch.  The  whole  of  this  enters  the 
Wyoming  Valley  through  a  narrow  gorge  in  the  mountains  9  miles  above  Wilkes- 
barre.  As  this  valley  is  only  3  miles  wide,  with  high,  precipitous  mountains  on  both 
sides  and  with  an  outlet  of  but  600  feet,  which  is  also  embraced  by  almost  perpen- 
dicular mountains,  its  residents,  who  number  about  100,000,  are  alarmed  at  the 
approach  of  flood  seasons,  at  which  times  the  river  has  been  known  to  rise  24  feet 
in  as  many  hours. 

In  the  spring  of  1846  the  lowov  portion  of  Bloomsburg  was  completely  submerged 
on  account  of  an  ice  jam  near  Catawissa,  6  miles  south,  and  it 'has  since  been  once 
or  twice  partially  inundated  from  the  same  cause.  The  bed  of  the  North  Branch  is 
ample  for  all  the  water  and  ice  that  ordinarily  pass  through.  Fishing  Creek,  which 
rises  about  40  miles  west  of  Bloomsburg  and  discharges  into  the  North  Branch 
2  miles  south  of  that  place,  is  a  wild  stream,  rising'  frequently  from  13  to  14  feet 
above  low-water  mark  and  carrying  away  portions  of  the  farms  and  timber  along  its 
banks.  The  southern  side  of  the  North  Branch  is  well  protected  by  mountains  from 
Nanticoke  to  Danville  and  the  North  Branch  Canal  parallels  it  on  the  north  side.  I 
have  devoted  most  of  my  attention  to  the  West  Branch,  which  is  the  most  trouble- 
some stream  in  the  State  and  causes  the  most  damage.  It  rises  in  Cambria  County 
and  drains  an  area  about  7,020  square  miles,  or  about  one-ninth  that  of  the  State. 
This  area  lies  at  an  elevation  of  irom  430  to  2,300  feet  above  sea  level,  and  its  popu- 
lation is  about  330,000,  or  47  i>er  square  mile. 

The  condition  of  the  river  for  the  passage  of  water  is  bad.  When  the  West  Branch 
Canal  was  built,  in  1830,  dams  were  built  at  Sunbury,  Lewisburg,  Muncy,  and  Lock- 
haven  ;  and  when  the  lumber  industry  first  assumed  a  prosperous  magnitude,  in  1860, 
a  dam  was  built  at  WlUiamsport.  Since  then  the  river  has  been  given  over  to  the 
lumbermen.  A  line  of  boom  piers,  7  miles  long,  was  built  in  the  pool  of  the  dam 
above  Williamsport,  and  others  have  been  constructed  in  the  river  at  Lockhaven 
and  other  points.  All  of  these  are  more  or  less  of  an  obstruction  to  the  passage  of 
water.  Logs  are  worked  out  of  the  smaller  streams  by  the  process  known  as  ** splash- 
ing," which  consists  of  clearing  the  streams  of  all  impediments  such  as  fallen  tim- 
ber, jams  of  driftwood,  rocks,  etc.  In  a  dam  at  the  head  waters  a  large  body  of 
water  is  impounded,  which,  when  suddenly  released,  washes  the  logs  out  of  the 


77 

stream  that  ordinarily  has  not  enough  of  water  to  float  them.  This  clearing  forces 
the  water  to  the  main  affluents  much  more  quickly  than  formerly  when  the  streams 
contained  innumerable  natural  dams  or  barriers  made  of  fallen  timber,  driftwood, 
etc.  These  retarded  the  flow  of  the  water  to  a  great  extent,  so  that  the  work  done 
by  the  lumbermen  has  had  the  eftect  of  accelerating  t^e  current  at  the  head  waters 
and  retarding  it  in  the  main  river.  In  order  to  improve  present  conditions  the 
reverse  of  this  should  be  done. 

The  condition  of  the  watershed  at  present  is  such  as  to  cause  alarm.  The  ice  in 
the  river  passed  out  below  Williamsport  during  the  thaw  early  in  January,  but  ice 
is  gorged  farther  north  at  Linden  and  the  cold  weather  has  closed  the  rirer  again 
tighter  than  before.  The  ground  throughout  the  entire  watershed  of  the  Susque- 
hanna is  covered  by  from  1  to  3  feet  of  snow,  and  a  sudden  thaw  is  likely  to  produce 
a  serious  flood. 

The  accompanying  profile  (fig.  1)  shows  the  fall  of  the  river  between  the  head 
waters  and  Havre  de  Grace,  a  study  of  which  shows  conclusively  why  the  range 
between  high  and  low  water  is  greater  in  the  vicinity  of  Williamsport  than  at  any 
other  point  aboYe  or  below.  The  rate  of  fall  of  streams  above  Lockhaven  is  from  5 
to  50  feet  per  mile,'  while  from  Lockhaven  to  Williamsport  it  is  1.59  feet  per  mile; 
from  Williamsport  to  Sunbury,  1.67  feet  per  mile;  thence  to  Harrisburg,  2.10  feet  per 
mile;  and  from  Harrisburg  to  Havre  de  Grace,  4.83  feet  per  mile.  It  will  be  seen 
that  the  fall  between  Lockhaven  and  Williamsport  is  the  least  of  any,  and  as  this  is 
the  stretch  of  river  where  the  principal  torrential  streams  debouch  into  the  main 
valley,  the  water  is  piled  up  faster  than  the  river  can  carry  it  away  and  it  overflows 
its  banks  before  it  can  find  other  outlets. 

Table  I,  presented  herewith,  gives  to  each  basin  the  approximate  amount  of  forest, 
tilled  land,  and  land  that  has  been  cut  over  and  has  remained  unimproved.  Absolute 
acoaracy  is  not  claimed  for  it,  as  no  reliable  data  are  at  hand  from  which  to  compile  it, 
but  it  is  as  accurate  as  can  be  made  without  any  actual  survey.  It  will  be  observed 
that  only  about  one-fourth  of  this  large  area  remains  in  forest,  and  to  such  a  pro- 
nounced change  from  the  original  conditions  the  frequency  and  extent  of  floods  must, 
in  a  great  measure,  be  attributed. 

With  a  proper  system  of  forest  conservation  we  should  have  no  difficulty  in  main- 
taining fully  one-dialf  of  this  area  in  forest;  and  until  a  larger  area  is  maintained, 
and  something  is  done  to  check  the  rapid  destruction  of  what  yet  remains,  more 
extensive  floods  than  those  we  have  ever  had  may  be  expected. 

Tables  II  and  III  show  the  percentage  of  whole  area  above  Muncy  and  above 
Williamsport.  Ninety-three  per  cent  of  the  whole  area  is  above  Muncy.  Below  that 
point  the  basin  narrows,  and  as  the  capacity  of  the  channel  becomes  greater  the 
range  between  high  and  low  water  is  not  so  great. 

Table  IV  contains  a  list  of  the  floods  on  the  river,  compiled  from  the  most  reliable 
data  obtainable.  The  great  flood  in  the  West  Branch  and  main  river  was  that  of 
J  tine  1, 1889,  which  reached  33  feet  at  Williamsport,  about  35  feet  at  Muncy,  gradu- 
ally decreased  to  24  feet  at  Sunbury,  rose  to  27  feet  1  inch  at  Harrisburg  (this  increase 
coming  from  the  Juniata  at  Clarks  Ferry),  reached  29  feet  at  Lockhaven,  and  18  feet 
at  Clearfield.  Thefioodof  1894  averaged  from  2  to  3  feet  less  than  that  of  1889.  The 
flood  of  1884  was  greater  on  the  North  Branch  than  on  the  West  Branch.  It  would 
appear  from  this  list  that  the  floods  on  the  West  Branch  have  been  increased  in  mag. 
nitude,  but  this  is  not  the  case.  On  the  main  river  between  the  mouth  of  the  Juniata 
and  Sunbury  the  greatest  floods  were  those  of  1786  and  1846L  The  floods  of  1889 
reached  about  the  same  height  on  the  West  Branch,  and  that  of  1894  was  about  2  feet 
less,  but  were  probably  not  so  high  as  those  of  1786  and  1846. 

The  greater  floods  can  be  accounted  for  from  the  fact  that  the  maximum  flow  of 
the  North  and  West  branches  rarely  arrive  simnltaueously  at  their  junction  at  Sun- 
bury.   In  fact,  the  West  Branch  was  so  much  higher  in  1889  than  the  North  Branch 
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that  logs  and  driftwood  irom  the  West  Branch  floated  several  miles  np  the  North 
Branch.  A  flood  on  the  river  below  Sunbnry  does  not,  therefore,  become  serious 
unless  the  path  of  the  storm  is  such  that  the  flooded  waters  from  both  branches  reaoh 
Snnbnry  at  the  same  time. 

The  waters  of  the  Juniata  and  West  Branch,  however,  are  more  apt  to  arrive  at 
Clarks  Ferry  at  the  same  time.  This  conjunction  caused  the  trouble  in  1889.  It  is 
rare  that  the  Juniata  waters  do  not  arrive  at  the  Susquehanna  and  Clarks  Ferry  and 
subside  before  either  the  North  or  West  Branch  waters  arrive.  The  damage  done  by 
the  Jnniata  is  conflned  to  its  own  banks.    It  has  a  drainage  of  3,223  square  miles. 

A  study  of  the  list  of  floods  seems  to  dispose  of  one  conjecture  that  has  been 
current  since  our  last  two  floods.  Many  people  have  held  that  a  flood  of  any  mag- 
nitude has  been  unusual  in  the  past  during  a  season  when  trees  were  in  foliage,  and 
they  have  attributed  the  present  changed  conditions  to  the  destruction  of  the  for- 
ests. The  records  of  floods,  however,  show  that  they  have  been  distributed  through- 
out all  seasons  of  the  year,  and  it  is  not  likely  that  the  destruction  of  the  forests 
has  had  any  effect  on  the  time  of  year  when  floods  may  be  expected,  but  the  effect 
of  this  denudation  is  to  increase  the  height  of  floods  when  they  do  occur.  This 
theory  is  more  plausible  when  it  is  considered  that  most  of  the  timber  in  this  water- 
shed  was  not  of  deciduous  nature.  To  obtain  some  indication  of  the  height  of 
water  to  expect  at  Williamsport,  the  height  of  water  reported  at  Clearfield  and  at 
Harrisburg  has  been  doubled.  It  depends  entirely  upon  the  difference  in  time 
between  the  arrival  of  the  high  water  from  the  North  and  West  branches  at  Sun- 
bury  and  from  the  Juniata  at  Clarks  Ferry.  This  method  is  crude,  and  is  correct 
only  when  the  amount  of  rainfall  and  other  conditions  are  the  same  throughout  the 
watersheds. 

In  order  properly  to  predict  floods  observers  should  be  located  in  each  basin  of 
the  -watersheds,  gauges  should  be  placed  at  a  number  of  places  on  the  river  between 
Snnl>ury,  at  the  head  waters,  and  on  each  of  the  main  affluents.  Floods  should  be 
predicted  very  closely  from  the  reports  of  these  observers.  To  cover  the  territories 
properly  observers  should  be  located  at  Sunbury,  Lewisburg,  Williamsport,  Jersey 
Shore,  Lookhaven,  Renovo,  Keating,  Karthaus,  and  Clearfield.  On  the  main  river 
they  should  be  placed  at  Hughesville ;  on  the  Muncy  Creek,  at  Logan  Valley  and 
Ralston;  on  Lycoming  Creek,  at  Waterville  and  Slate  Run;  on  Pine  Creek,  at 
Driftwood  and  Emporium;  on  Bonnets  branch  of  the  Sinnamahoning,  and  at 
Howard  and  Milesburg,  on  the  Baldeagle.  Accurate  telephone  and  telegraphic 
communication  would  be  an  essential  feature  of  this  system. 

In  the  flood  of  1889  the  maximum  flood  occurred  at  Williamsport  fifteen  to  sixteen 
hours  after  the  cessation  of  the  rain.  In  the  flood  of  1894  the  rain  was  practicaUy 
continuous  for  two  or  three  days  before  and  after  the  flood,  although  the  heaviest 
rain  was  the  day  before.  The  maximum  flood  occurs  at  Williamsport  from  eight  to 
twenty-four  hours  after  it  occurs  in  Clearfield;  at  Sunbury  about  sixteen  hours  after 
Williamsport,  and  at  Harrisburg  from  six  to  eight  hours  after  Sunbury.  It  is  112 
miles  from  Williamsport  to  Clearfield ;  40  miles  from  Williamsport  to  Sunbury,  and 
56  miles  from  Sunbury  to  Harrisburg. 

The  velocity  of  the  river  being  from  6  to  10  miles  per  hour,  it  will  be  seen  that  the 
current  and  the  maximum  flood  move  at  about  the  same  rate.  From  Clearfield  and 
Williamsport  to  Sunbury  the  currents  move  very  much  faster  than  the  maximum; 
in  fact,  during  the  last  two  floods  the  water  remained  at  a  maximum  from  three  to 
four  hours,  then  started  to  fall  very  slowly. 


80 

I.  Table  showing  Uie  amount  of  forest  in  the  htmns  of  the  West  Branch  watershed. 


Name  of  basin. 


Clearfield 

SinnamaboniDg 

Kettle 

Baldeagle 

Pine 


Lycoming — 
inppenoee  — 
lioyalstock . . . 

Mnncy 

Chillisqaaqae 
Whitedeer... 


Forest. 


Square 
miles. 


225 
303 
168  j 
212 
812 

80 

40 
196 

72 

33 

40 


Total 1,681 


15 
30 
40 
20 
25 
20 
25 
40 
30 
15 
15 


24 


Tilled  land.    Land  oat  over., 


Square    Per 
miles,   cent. 


600 
150 

42 
318 
875 
120 

56 
122 

84 
132 
108 


2,107 


40 
15 
10 
30 
30 
30 
35 
25 
35 
60 
40 


30 


Sqnare 

Per 

miles. 

cent 

675 

45 

567 

55 

210 

50 

530 

50 

663 

45 

200 

50 

64 

40 

172 

35 

84 

35 

55 

25 

122 

45 

3,282 

46 

Total. 


L500 

1,010 

420 

1,060 

1.250 

400 

160 

400 

240 

900 

270 

7  090 


II.  Area  above  Williamsport,  Pa, 


Forest 

Tilled  land.... 
I^and  out  over. 


Total. 


Square 
miles. 


1,340 
1,661 
2,799 


6,800 


Per  cent. 


23 
29 
48 


Percentage 
of  the  whole 
watershed. 


100 


80 
79 

87 


III.  Area  above  Mnncy, 


Forest 

Tilled  land.... 
liMid  cut  over. 

Total.. 


Square 
miles. 


1.608 
1,867 
3,055 

6,630 


Per  cent. 


24 
29 
47 


100 


Percentajce 

of  the  whole 

watershed. 


96 
88 

04 


08 


lY.  List  of  floods  in  the  Susquehanna  River, 


Date. 


February,  1602. . . . 
February  12, 1731 . 
February  17, 1783 . 
January  28, 1787.. 
January  28, 1744  . . 
January  28, 1753.. 
January  7, 1762  . . . 
January-?,  1772  ... 

2Cay  15,1784 

October  5, 1786 

October  1, 1787 

April  1,1800 

April  28, 1804 

November  20, 1810 

August,  1814 

July  20, 1824 


May  6, 1881.. 
June  28, 1829. 


Height. 


Ko  record  . . 

do 

do 

do , 

do 

do 

do 

do 

do 

do 

do 

....do 

....do 

—  .do 

do 

do 


do 
.do 


Bemarks. 


3  feet  higher  than  1788. 


The  ice  flood  (on  North  Branch). 
Called  "  pumpkin  flood." 


Also  called  '*  pumpkin  flood." 

Water  rose  higher  than  ever  remembered  by 
oldest  residents. 
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IV. — List  of  floods  in  the  Susquehanna  Biver — Continued. 


Date. 

Height  at 
WillitimBport. 

Height  at 
Harrubtirg. 

Bemarks. 

Julv4,1832 

No  record 

do 

Noreoord 

do 

May  17, 1884 

February  12, 1837 

do 

do 

Mayl3,i846'. 

do 

22.2  feet 

Noreoord 

do 

Greatefit  since  1786.  on  main  rivor :  3  or 

October  9. 1847 

26  feet 

4  feet  higher  than  any  provioas  rise. 

AufiTUBt  19.1851 

No  record. ...... 

t 

Febroary  7, 1853 

do 

do 

September  28, 1861 

25  feet 

do 

March  17,1865 

27  feet 

24.11  feet 

27.1feet 

25.7  feet 

June  1,1889 

83.5  feet 

May  21. 1894 

31f9et 

TULN8A9  CITY,  MO. 
By  Mr.  P.  Connor,  Local  Forecast  Offidat. 

Danger  begins  at  21  feet.  At  that  stage  the  river  begins  to  encroach  on  the  west 
bottoms  and  Harlem,  a  small  village  directly  north  of  this  city  on  the  opposite  side 
of  the  river.  A  24-foot  stage  will  submerge  Harlem  and  the  west  bottoms,  and 
cause  an  overflow  in  the  packing  house,  wholesale,  and  manufacturing  districts 
located  in  what  are  known  as  the  west  bottoms  of  the  city. 

An  overflow  from  the  regular  spring  rise  is  never  anticipated,  unless  coincident 
with  heavy  rains  in  the  territory  continuous  to  the  river  to  the  South  Dakota  line. 
An  overflow  is  most  likely  to  occur  in  May,  June,  or  early  in  July. 

An  overflow  is  not  looked  for  in  the  Kansas  River,  which  empties  into  the  Missouri 
at  this  place,  from  continuous  heavy  rains,  while  the  Missouri  is  at  a  comparatively 
low  stage ;  but  with  a  high  stage  in  the  Missouri  an  overflow  is  possible  in  the  £[an- 
sas,  or  ''Kaw,''  as  it  is  commonly  known,  due  to  heavy  rains  in  northeast  Kansas. 
An  overflow  will  not  occur  in  Armourdale,  Kans.,  until  the  water  reaches  a  level 
corresponding  to  26  feet  on  the  Missouri  gauge,  and  the  bottoms  of  Kansas  City, 
Kans.,  until  it  reaches  28  feet.  This  information  relating  to  Armourdale  and  Kansas 
City,  Kans.,  has  been  obtained  from  the  city  engineer  of  the  latter  place. 

The  river  changes  at  this  place  are  not  of  a  complex  character,  but  are  gradual 
firom  day  to  day,  depending  upon  the  supply  from  head  waters,  considered  in  con- 
section  with  the  heavy  rains  in  the  territory  alluded  to. 

KEOKUK,  IOWA. 

By  Hr.  Fbjcd.  Z.  Goskwich,  Observer, 

The  Des  Moines  Rapids  extend  7  miles  north  of  station,  the  bottom  of  solid  lime- 
stone rock,  with  reefs  rising  to  surface,  channel  very  crooked,  and  has  a  fall  of  18 
feet  in  the  '1  miles. 

The  rapids  channel  is  navigable  for  rafts  and  steamboats  when  there  is  a  stage 
of  4  feet  of  water  in  the  river  gauge  at  Keokuk.  Below  that  stage  navigation  is 
dangerous,  and  at  3^  feet  the  rapids  are  impassable  for  any  but  very  light-draft 
boats. 

A  steamboat  canal,  bnilt  by  the  Government  and  operated  by  the  United  States 
Engineer  Corps,  extends  the  entire  length  of  the  rapids  along  the  Iowa  shore,  and 
consists  of  two  levels  with  three  locks. 

The  larger  part  of  the  river  traffic  is  the  rafting  of  lumber  and  logs  from  the 
northern  pineries  to  market  centers  along  the  river.  Rafts  containing  several  million 
feet  of  lumber  each,  propelled  and  steered  by  attendant  steamboats,  are  run  over 
the  rapids  when  the  stage  of  water  will  permit,  making  the  run  in  about  two  hours. 

When  the  rapids  are  impassable  on  account  of  low  water,  these  rafts  and  steam- 
boats pass  through  the  canal,  and  in  passing,  rafts  must  be  divided  into  seotionB|  in 
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order  to  pass  through  the  locks,  and  recoupled  when  the  entire  raft  has  passed — 
making  from  8  to  12  lockages  at  each  lock.  In  this  manner  it  requires  the  greater 
port  of  two  days  for  a  raft  with  its  attendant  steamboat  to  pass  through  the  canal. 

It  is,  therefore,  of  great  advantage  to  a  captain  of  a  raft  steamboat  to  know  the 
stage  of  water  at  Keokuk  when  starting  from  a  northern  point  with  his  raft  in  tow. 
He  can  calculate  the  time  required  for  his  trips,  and  make  his  contract  accordingly. 

During  the  winter  a  peculiar  effect  is  produced  in  the  stage  of  water  at  Keokuk 
by  the  rapids. 

Duriug  cold  nights  anchor  ice  will  form  in  the  rocky  bottom  and  reefs  in  the 
rapids  to  such  an  extent  as  to  form  a  partial  dam,  and  on  the  following  morning  the 
river  gauge  at  Keokuk  will  show  iis  much  as  a  l^-foot  fall.  During  the  morning  this 
underice  will  loosen,  and  by  noon  the  gauge  will  resume  the  reading  of  the  previons 
evening. 

The  country  subject  to  damage  from  floods  lies  between  Warsaw  and  Quincy,  in 
Illinois,  and  south  of  the  mouth  of  the  Des  Moines,  in  Clark  County,  Mo. }  is  pro- 
tected by  levees  of  earth,  sodded  on  the  river  side,  and  in  some  places  further  pro- 
tected by  willows  planted  between  the  base  of  the  levee  and  the  usual  bank  of  the 
river.  These  levees  will  bear  a  stage  of  water  corresponding  to  15  in  the  iron  gauge 
at  Keokuk,  and  at  18  feet  there  is  continual  danger  of  parts  breaking.  High  water 
running  from  the  north,  caused  by  spring  rains  and  the  melting  of  snow,  is  not  suffi- 
cient of  itself  to  cause  a  dangerous  flood.  Should  such  a  rise,  however,  in  passing 
south,  meet  a  flood  coming  out  of  Keokuk  River  the  danger  line  would  probably  be 
reached  at  Keokuk,  though  a  disastrous  flood  would  hardly  result  unless  it  met  with 
a  further  swell  from  the  Des  Moines. 

The  Des  Moines  River  seems  to  be  the  most  important  factor  in  all  floods  which 
have  caused  any  great  amount  of  damage.  It  enters  the  Mississippi  2^  miles  south 
of  the  station.  North  of  its  mouth  the  banks  are  high  bluffs,  with  only  a  narrow 
margin  of  land  between  the  bluffs  and  the  Mississippi.  South  lie  large  tracts  of 
rich  iron  bottom. 

A  flood  coming  from  the  Des  Moines,  even  when  the  Mississippi  is  at  an  ordinary 
stage,  will  back  the  Mississippi  as  much  as  6  inches  at  Keokuk.  Should  a  flood 
coming  from  the  Des  Moines  find  the  Mississippi  at  or  near  the  danger  line  it  has  the 
same  effect,  swelling  the  Mississippi  until  the  Mississippi  flood  overcomes  the  Des 
Moines  flood,  when  the  Des  Moines  is  backed  up  in  its  time,  which  is  usually  when 
the  flood  reaches  its  height,  and  the  greatest  damage  is  done. 

Floods  occur  with  the  spring  rains  in  April  and  May,  and  occasionally,  though 
much  rarer,  in  autumn. 

No  floods  occur  from  the  breaking  of  ice  gorge  in  the  spring.  The  Mississippi 
and  all  tributaries  flowing  into  it  north  of  the  station  having  a  southerly  course, 
milder  weather  beginning  at  the  southern  extremity  of  the  ice,  the  ice  moTcs  out  in 
divisions,  beginning  south,  other  divisions  thawing  and  moving  out  from  above  them 
at  intervals  of  days. 

At  Keokuk  the  action  of  the  swift  current  on  the  rapids  will  back  up  the  ioe  while 
the  river  is  yet  frozen  from  below,  which  brings  down  a  vast  body  of  water,  raising 
the  river  from  6  to  8  feet  in  a  few  hours.  The  force  of  the  body  of  water  coming 
down  breaks  up  the  ice  below,  and  the  river  falls  as  quickly  as  it  can,  without  doing 
any  damage. 

KNOXVILL.E,  TENN. 
[From  Report  of  the  Chief  of  Enirinpora,  United  States  Army,  1893,  Appendix  D  B.] 

Knoxville,  Tenn.,  is  on  the  Tennessee  River.  The  width  of  the  river  at  low  water 
is  1,050  feet. 

The  drainage  area  above  it  is  8,300  square  miles. 
.    The  distance  to  London  is  56.4  miles;  to  Chattanooga,  183.7  miles. 
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The  fiTer  gauge  is  on  the  west  end  of  the  third  pier  on  the  north  aide  of  Marysville 
County  Bridge  over  the  Tennessee  River  at  foot  of  Gay  street.  The  gauge  extends 
from  zero  to  80  feet ;  average  depth  of  water  below  zero  of  gange,  about  1.5  feet. 

The  bench  mark  is  the  bottom  edge  of  a  hole  drilled  in  the  stone  of  second  course 
above  the  ground  on  the  pier  immediately  behind  the  gauge  The  bench  mark  is&l 
feet  above  the  zero  of  the  gauge.  The  zero  of  the  gauge  is  806.6  feet  above  sea 
level.    The  danger  line  is  at  29  feet. 

The  extreme  high  water  of  1875  and  1876  was  39  feet  on  the  gauge.  The  extreme 
low  water  of  1871  and  1884  was  at  the  zero  of  the  gauge. 

The  Tennessee  River  is  formed  by  the  Junction  of  the  Holston  and  French  Broad 
rivers,  about  4^^  miles  above  Knoxville,  Tenn.  It  flows  southwest  51  miles  to  the 
mouth  of  the  Little  Tennessee  River,  its  first  considerable  tributary,  receiving  in 
that  distance  only  one  tributary  (other  than  creeks),  the  Little  Tennessee  River. 

From  the  Little  Tennessee  River  it  flows  west-northwest  to  the  mouth  of  the 
Clinch  River,  the  second  large  tributary,  84  miles  from  head,  and  then  turning  to  the 
left  flows  south-southwest  to  Chattanooga,  receiving,  150  miles  from  head,  from  the 
southeast,  the  Hiwassee  River.    The  total  length  above  Chattanooga  is  188  miles. 

All  these  streams  that  form  the  Tennessee  are  similar  in  kind  and  not  very  difler- 
ent  in  size.  They  rise  in  the  mountains  of  Virginia  and  North  Carolina  and  flow 
down  over  the  rocky,  winding  beds  to  their  mouths.  They  are,  except  the  Holston, 
navigable  at  ordinary  stages  for  some  distance  above  their  mouths,  and  the  French 
Broad  and  Hiwassee  have  regular  steamboat  service. 

The  following  are  results  obtained  by  Col.  D.  L.  Sublett,  assistant  engineer,  at 
Chattanooga: 


Date.  ^"S;?'      Disohiirge 


OubicfeeL 

November  18, 1891 8.0  17,560 

Aprilll,  1802 30.0  222,650 

Calcalated  high  water  of  1887 57.5  740,850 

Caloolated  low  water 8, 000  to  9, 000 

LITTLE  BOCK,  ABK. 

By  Mr.  T.  H.  Clabkb,  Local  Foreeatt  Official. 

In  diBOUflsing  the  flood  stages  of  the  Arkansas  River  at  Little  Rock,  there  are  bat 
three  stations  from  which  to  deduce  results — Fort  Smithy  Dardanelle,  and  Little 
Rock.  The  dtstance  from  Fort  Smith  to  Dardanelle  is  95  miles,  and  from  that  point 
to  Little  Rook,  80  miles. 

The  chief  tributaries  on  the  north  side  of  the  river,  east  of  Fort  Smith,  are  Mul- 
berry River,  Pine  Creek,  Illinois  Bayou,  Point  Remove  Creek,  and  Cadron  Creek; 
on  the  south  side,  Potean  River,  which  empties  into  the  Arkansas  River,  at  the  west 
side  of  Fort  Smith,  Petite  Jean  Creek,  Fourohe  La  Fave  River,  and  Manmelle' Creek. 

The  streams  on  the  north  side  of  the  river  are  generally  mountain  streams  which 
'fill  and  run  out  very  rapidly ;  on  the  south  side  of  the  river  the  tributaries  run 
through  a  more  level  ooontry,  and  consequently  remain  at  a  high  stage  for  a  longer 
period. 

In  forecasting  flood  stages,  the  main  features  to  be  observed  are  as  follows :  The 
stage  at  Fort  Smith,  the  volume  of  water  in  the  river  west  of  Fort  Smith,  the  rain- 
fall between  Fort  Smith  and  Little  Rook,  the  length  of  time  it  takes  for  the  tributary 
streams  to  empty  themselves,  the  amount  of  water  absorbed  by  sand  bars,  and  the 
amount  that  backs  up  rivers  and  creeks  and  overflows  the  low  lands  adjacent  to  the 
river  at  a  stage  very  near  the  danger  line. 

From  a  study  of  the  high- water  stages  which  have  occurred  from  1890  to  the  pres- 
ent time,  great  differences  are  noted  in  the  rise  at  Fort  Smith  as  compared  with  that 
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at  Little  Rock.  In  March,  1890,  the  rise  at  Little  Rock  waa  89  per  cent  of  that  at 
Fort  Smith;  in  April  of  the  same  year  it  was  103  per  cent;  in  May,  1892,  it  was  48 
per  cent,  and  in  June  of  the  same  year,  61  per  cent;  in  April  and  May,  1898,  it  was 
76  per  cent,  and  in  March,  1894, 104  per  cent.  From  the  above  it  will  be  seen  that 
there  is  a  range  of  56  per  cent  between  the  greatest  and  least  of  the  comparisons 
made,  but  when  we  eliminate  the  percentages  in  1890  and  1894,  on  which  dates  the 
stages  at  Fort  Smith  were  below  the  danger  line,  we  find  a  range  of  but  28  per  cent 
between  the  highest  and  lowest. 

On  un  examination  of  the  fluctnations  between  the  rise  at  Fort  Smith  and  that  at 
Little  Rock,  it  is  noticed  that  the  higher  the  stage  at  Fort  Smith  the  less  the  rela- 
tive rise  between  the  two  stations,  and  this  is  more  noticeable  when  the  river  is  below 
the  danger  line  at  Fort  Smith.  There  is  one  exception  to  this  rale  in  the  data  under 
discussion — that  of  April  and  May,  1893 — but  this  was  caused  by  the  unusually  heavy 
rainfall  between  Fort  Smith  and  Little  Rock  during  the  last  days  of  April  and  Ist 
of  May. 

The  following  tabulated  statement  will  illustrate  the  point  more  fully: 


Date. 


Below  danger  line: 

March,  1894 

April,  1890 

MarohJSOO 

Above  danger  line: 

June.  1892 

April  and  May,  1893 
May,1892 


Maximnm  stage. 


Fort  Smith. 


Feet. 


17.8 
20.9 
21.0 

25.0 
26.8 
80.9 


Little  Bock. 


FuL 


22.6 
24.8 
32.8 

25.8 
25.2 
S7.9 


Rise  at  Fort 
Smith  that 

reached 
Litde  Kook. 


Percent. 


104 

lOS 

89 

61 
76 
48 


This  great  falling  off  in  the  relative  rise  of  the  river  between  Fort  Smith  and  Lit- 
tle Rock  when  the  stage  is  above  the  danger  line  at  Fort  Smith,  is  not  so  much  due 
to  the  increased  width  of  the  river  at  a  high  stage  as  it  is  to  the  overflows  and 
water  backing  up  the  rivers  and  creeks. 

At  a  stage  of  22  feet  at  Fort  Smith  and  23  feet  at  Little  Rock  the  river  begins  to 
flood  low  lands  between  Van  Buren  and  Mulberry,  in  the  vicinity  of  Dardanelle  and 
Oppelo,  and  from  the  mouth  of  the  Fourche  La  Fave  River  to  just  west  of  Little 
Rock.  Back  water  ascends  the  Fourche  La  Fave  and  Maomelle  to  a  considerable 
distance.  As  shown  by  the  stages  at  Fort  Smith,  Dardanelle,  and  Little  Rock,  the 
greatest  escape  of  water  from  the  river  is  between  Dardanelle  and  Little  Rock. 

The  crest  of  a  freshet  wave  takes  about  two  days  to  reach  Little  Rook  from  Fort 
Smith ;  the  average  is  slightly  less  than  that,  depending  on  the  amount  of  rainfall 
between  the  two  stations — the  less  the  rainfall  the  slower  the  movement  of  the  wave. 

At  ordinary  stages  and  up  to  about  21  feet  at  Fort  Smith,  Little  Rock  will  receive 
about  an  equal  rise  with  Fort  Smith ;  from  21  to  26  feet  at  Fort  Smith,  Little  Rock 
will  receive  about  70  per  cent  of  the  total  rise  at  Fort  Smith,  and  from  26  to  80  feet  at 
Fort  Smith,  Little  Rock  will  receive  about  50  per  cent  of  the  total  rise  at  Fort  Smith. 

These  rules  must  be  modified  somewhat  according  to  the  rainfall  between  the  two 
stations;  if  general  aud  he.'ivy,  the  percentage  of  rise  must  be  increased,  and  if  light 
or  local,  reduced.  There  must  also  be  a  great  reduction  in  the  above  percentages 
when  the  stage  at  Fort  Smith  exceeds  30  feet  and  that  at  Little  Rook  28  feet. 

Nothing  is  known  of  river  stages  from  Little  Rock  to  the  mouth  of  the  river,  but 
at  22  feet  at  Little  Rock  the  river  begins  to  overflow  from  about  12  miles  east  of 
Little  Rock  to  the  mouth  of  the  river. 
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ICEMPIIIS,  TENVt 
By  Mr.  Wm.  M.  Wilson,  Obierver, 

THE  EFFKCT  OF  THE  BT.  FRANCIS  BASIN  ON  FLOOD  HEIGHTS  AT  MEMPHIS  AND 

HELENA. 

The  St.  Francis  River  has  its  origin  in  the  low  land  and  swamps  lying  on  the  west 
bank  of  the  Mississippi^  abont  40  miles  north  of  Cairo.  Its  course  is  southward 
throngh  northeastern  Arkansas,  and  empties  into  the  Mississippi  abont  12  miles 
north  of  Helena.  This  river  drains  a  portion  of  sontheastem  Missouri  and  nearly 
the  whole  of  northeastern  Arkansas.  The  drainage  area  of  this  stream  and  its 
tributaries  is  comparatively  small,  about  8,000  square  miles,  and,  as  would  be 
expected  from  this  limited  area,  the  effect  on  the  Mississippi  at  medium  and  low' 
water  stages  is  nearly  inappreciable;  but  with  the  great  floods  which  yearly  flow 
down  the  valleys  of  the  upper  watercourses,  this  river  assumes  an  importance  by  no 
means  commensurate  with  its  apparent  insignificance. 

The  west  bank  of  the  Mississippi  River  from  Commerce,  Mo.,  some  40  miles  north 
of  Cairo,  to  the  mouth  of  the  St.  Francis,  is  very  low,  and  at  a  stage  of  about  42 
feet  on  the  gauge  at  Cairo  the  water  begins  to  pass  through  numerous  channels,  and 
rapidly  fills  the  basin  of  the  St.  Francis. 

There  has  never  been  any  accurate  measurement  made  of  the  discharge  into  this 
basin  at  the  different  heights  above  the  flood  plane  at  Cairo,  and  the  estimates  made 
by  various  engineers  show  so  wide  a  difference  that  they  are  practically  valueless. 

The  basin  of  the  St.  Francis  is  filled  with  thick  undergrowth,  oanebrakes,  and 
forests,  which  increase  the  friction  and  materially  retard  the  current  of  that  stream; 
BO  that  the  flood  wave  in  the  St.  Francis  is  several  days  behind  that  of  the  Mis- 
sissippi. Again,  the  basin,  being  limited  in  capacity,  must  of  necessity  fill  before  the 
flood  wave  can  begin  its  progress,  which  is  another  factor  in  delaying  the  effect  of 
the  wave  in  that  stream. 

In  order  to  show  the  effect  of  the  St.  Francis  Basin  on  the  flood  wave  at  Memphis, 
investigation  has  been  made  of  the  relation  existing  between  the  gauges  at  Cairo 
and  Memphis  for  crest  waves  of  10, 15,  20,  25,  30,  35,  40,  45,  and  50  feet.  For  this 
comparison  a  mean  of  all  waves  passing  Cairo  within  1  foot  of  the  above  stages,  and 
the  mean  of  the  crest  of  the  same  waves  when  reaching  Memphis  has  been  obtained. 
These  data  are  as  follows : 


Cairo. 

Memphia. 

IHfference. 

Inoreaae  of 
ratio. 

9.9 
15.2 

6.8 
10.1 

3.6 
5.1 

i.6 

ao.i 

14.3 

5.8 

0.7 

25.0 

19.0 

6.0 

0.2 

30.2 

23.0 

7.2 

L2 

35.0 

26.7 

8.3 

1.1 

89.9 

80.6 

9.3 

1.0 

45.2 

33.7 

11.5 

2.2 

60.2 

35.0 

15.2 

8.7 

The  above  means  can  be  plotted  as  a  straight  line  up  to  the  40-foot  stage  at  Cairo 
(see  chart  1),  which  shows  that  a  uniform  relation  exists  at  all  stages  below  the  flood 
line.  When,  however,  a  stage  of  40  feet  is  reached  at  Cairo,  the  previously  existing 
relation  entirely  disappears,  and  instead  of  a  straight  line,  we  have  a  curve  which 
apparently  sustains  a  very  indefinite  relation  to  the  Cairo  gauge.  It  is  to  be  noted 
in  the  above  table  that  the  greatest  increase  in  the  ratio  between  the  gauges  below 
40  feet  is  1.5  feet,  while  the  mean  increase  up  to  the  40- foot  stage  is  1  foot.  From 
40  to  45  feet  the  actual  increase  of  ratio  becomes  2.2  feet,  which  clearly  shows  that 
there  is  a  decided  falling  off  in  the  Memphis  reading  as  compared  with  the  stage  to 
be  expected  from  the  Cairo  gauge.  If  we  apply  the  average  increase  of  ratio  exist- 
ing below  40  feet  and  which  is  bound  to  be  1  foot  to  the  45-foot  stage  at  Cairo,  the 
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Memphis  gange  would  read  34.9 -feet  instead  of  88.7  feet.  It  is  further  Doted  that  the 
increase  of  ratio  from  45  to  50  feet  is  3.7  feet.  By  applying  the  mean  ratio  of  increase 
to  the  45  and  50  foot  stages,  the  reading  at  Memphis  for  a  stage  of  50  feet  at  Cairo 
becomes  38.9  feet  instead  of  35  feet.  These  values  charted  strengthens  the  curve  and 
makes  the  line  thus  obtained  coincide  with  the  line  of  mean  relative  readings  below 
40  feet.  .The  difference  between  the  height  thus  found,  38.9  feet,  and  the  actual  read- 
ing obtained  firom  a  50-foot  rise  at  Cairo  is  considered  to  approximate  very  closely 
the  efiect  of  the  St.  Francis  Basin  in  reducing  flood  heights  at  Memphis. 

If  the  St.  Francis  Basin  should  be  leveed  and  the  relation  which  has  been  found 
to  exist  between  the  Memphis  and  Cairo  gauges  below  40  feet  should  be  continuous 
above  that  plane,  the  river  at  Memphis  for  a  50-foot  stage  at  Cairo  would  rise  about 
.  4  feet  above  the  present  maximum  flood  plane. 

In  order  to  show  the  efiect  of  a  flood  wave  from  the  St.  Francis  on  the  Mississippi 
River  when  returning  to  that  stream  the  mean  gauge  relation  between  Memphis  and 
Helena  for  flood  waves  which  passed  Cairo  at  10,  15,  20,  25  feet,  etc.,  has  been 
obtained,  lliese  relations  can  also  be  platted  as  a  straight  line  up  to  a  stage  which 
corresponds  to  40  feet  at  Cairo,  when,  as  before,  the  relation  disappears.  Instead, 
however,  of  the  Helena  gauge  showing  a  lower  relative  reading  than  Memphis,  as  is 
the  case  with  Memphis  when  compared  with  the  Cairo  gauge,  exactly  the  reverse  is 
found,  the  curve  indicating  a  greater  relative  height  at  Helena  than  at  Memphis. 

By  a  cursory  examination  of  the  Memphis  and  Helena  hydrograph  for  any  flood 
year  it  will  be  plainly  indicated  that  there  is  some  powerful  factor  operating  at 
Helena  not  to  be  accounted  for  by  the  Memphis  chart.  The  year  1893  affords  a 
notable  example  of  this  fact.  (See  chart  11.)  The  crest  of  the  flood  wave  passed 
Memphis  on  May  15  to  17, 1893,  at  a  maximum  stage  of  35.2  feet.  The  rise  for  Ave 
days  proceeding  the  15th  was  0.3  foot.  At  Helena  the  crest  passed  on  May  25,  ten 
days  after  the  maximum  height  was  reached  at  Memphis,  at  a  stage  of  47.9  feet,  and 
the  rise  for  the  Ave  days  proceeding  was  2.1  feet.  Every  flood  that  has  remained 
above  the  40-foot  stage  at  Cairo  for  any  considerable  time,  when  charted,  exhibits 
this  same  abrupt  ourve.  It  is  also  noted  that  the  time  of  the  ocourrence  of  the  crest 
at  Helena  is  several  days  later  than  would  be  the  ease  did  the  Helena  gauge  depend 
entirely  on  water  which  had  passed  Memphis. 

If  we  take  into  consideration  the  stage  at  Wittsbnrg,  on  the  St.  Francis  River, 
this  apparent  discrepancy  in  readings  is  easily  explained,  and  it  becomes  evident 
that  the  flood  height  at  Helena  depends  more  on  the  stage  at  Wittsbnrg  than  the 
height  to  which  the  wave  attains  at  Memphis. 

Notwithstanding  the  energy  expended  in  filling  the  basin  and  the  force  lost  in 
overcoming  the  friction  caused  by  undergrowth  along  its  bed,  the  St.  Francis  River 
still  retains  sufficient  ''head''  to  force  the  reading  at  Helena  more  than  2  feet  higher 
than  the  Memphis  stage  would  indicate. 

The  effect  of  the  St,  Francis  Basin  upon  flood  heights  at  Memphis  and  Helena  may 
be  summed  up  as  follows : 

1.  This  basin  acts  as  a  reservoir,  receiving  a  large  portion  of  the  water  which 
would  otherwise  flow  down  the  Mississippi  River,  and  thus  lowering  the  flood  crest 
at  Memphis  about  4  feel  below  the  point  indicated  by  the  rise  at  Cairo  did  the  same 
relation  exist  above  40  feet  that  is  found  below  that  line. 

2.  The  water  is  again  returned  to  the  Mississippi  12  miles  above  Helena,  raising 
the  flood  plane  at  that  point  about  3  feet  higher  than  would  be  expected  from  the 
maximum  stage  at  Memphis. 

3.  The  fllling  of  the  St.  Francis  Basin  and  the  resistance  caused  by  undergrowth 
and  forests  retard  the  flood  wave  in  that  stream  so  that  its  effect  is  felt  at  Helena 
after  the  crest  wave  in  the  Mississippi  has  passed  that  point. 

4.  The  leveeing  of  the  St.  Francis  Basin  would  be  to  cause  the  flood  wave  to  pass 
down  the  Mississippi  River  from  Cairo  to  Helena  as  a  whole,  both  as  to  volume  and 
time:  and  it  is  probablu  that  the  gnage  relations  existing  between  Memphis  and 
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Cairo  and  Helena  and  Cairo  below  tho  flood  line  would  tend  to  be  sustained  for 
waves  above  that  heigbt,  and  the  guage  reading  at  Memphis  and  Helena  would 
approximate  the  relative  height  to  be  expected  from  a  given  rise  at  Cairo. 

MONTGOMERY,  AJ^A. 

By  Mr.  F.*P.  CHAFrsB,  Local  Forecast  OJieial. 

These  rivers  may  be  divided  into  two  systems,  the  northeastern  and  northwestern. 
The  northeastern  system  is  composed  of  the  Alabama,  formed  by  the  Junction  of  the 
Coosa  and  Tallapoosa,  the  Coosa  being  formed  by  the  junction  of  the  Oostananla  and 
Etowah  rivers  of  Qeorgia.  This  system,  down  to  where  the  Alabama  empties  into 
the  Mobile  River,  drains  an  area  of  about  22,000  square  miles. 

Above  Rome  the  Oostaenanla  and  Coosawattee  rivers  are  navigable  at  moderate 
stages  for  a  distance  of  105  miles,  and  the  drainage  into  these  rivers  is  rapid,  as  the 
watersheds  are  quite  abrupt  and  the  soil  is  mostly  of  an  impermeable  character. 
From  Rome  to  Greensport,  Ala  ,  a  distance  of  162  miles,  the  Coosa  has  stable  banks 
and  bottom  and  a  normal  width  of  from  300  to  500  feet.  From  Greensport  to 
Wetumpka,  a  distance  of  142  miles,  the  character  of  the  river  changes;  it  flows 
I  through  a  rocky  country  with  a  succession  of  shoals  and  deep  pools,  varying  in  length 

I  firom  1  to  8  miles,  with  occasional  rocky  obstructions,  which  frequently  rise  above 

the  surface  of  the  water,  the  water  varying  in  depth  from  a  few  inches  to  several 
feet.  The  total  fall  of  the  low-water  surface  from  Greensport  to  Wetumpka  is  307 
feet.  The  average  low- water  width  of  the  river  is  from  600  to  800  feet.  At  "The 
Narrows,''  about  midway  of  this  stretch,  it  contracts  to  100  feet,  with  a  depth  of  over 
85  feet,  while  the  greatest  width  is  3,700  feet  at  Butting  Ram  Shoals,  about  38  miles 
above  Wetumpka,  where  the  water  is  very  much  dispersed  and  the  river  bed  an 
intricate  mass  of  rocks,  reefs,  and  islands. 

Observations  at  Wetumpka,  in  the  fall  of  1889,  showed  a  low-water  discharge  of 
5,796  onbio  feet  per  second,  which  is  almost  exactly  the  same  ad  reported  for  the  low- 
water  discharge  of  the  Mississippi  River  at  St.  Paul. 
j  The  width  of  the  upper  Alabama  River  at  low  water  varies  from  600  to  600  feet, 

j  and  the  lower  river  from  700  to  800  feet,  the  average  slope  of  the  river  being  about  4 

'  inches  to  the  mile  ( f ).    The  drainage  into  this  entire  system  is  very  abrupt  from  the 

west;  the  divides  between  the  Tombigbee  and  the  Alabama.  The  watershed  from 
the  eastward,  while  quite  abrupt  in  the  northeast  portion  of  the  system,  flattens  out 
very  decidedly  in  the  central  and  southern  portions. 

Owing  to  the  Impermeable  nature  of  the  ground  and  the  incline  of  the  watershed 
in  the  northern  section,  1  inch  of  rain  in  that  section  would  have  as  much  effect  upon 
the  middle  and  lower  rivers  as  would  2  inches  of  rainfall  in  same  time  in  the  middle 
section  where  the  ground  is  more  permeable,  or  6  inches  In  same  time  in  the  southern 
section,  where  the  ground  is  quite  absorbent. 

Observations  of  river  stages  covering  the  period  from  1891  to  1894,  inelusive,  have 
been  charted  at  this  office,  from  which  the  following  is  deduced : 

At  moderate  stages,  less  than  25  feet :  The  rises  at  Rome,  Ga.,  are  felt  at  Mont- 
gomery in  about  2  days,  with  an  average  rise  of  7.3  feet  over  the  Rome  stages.  From 
Montgomery  to  Selma,  in  1.6  days,  with  an  average  rise  of  2.7  feet  over  the  Mont- 
gomery stage.  Selma  to  Claiborne,  in  2.1  days,  but  owing  to  the  width  of  the  river 
and  low  banks  below  that  point,  the  rise  averages  1.9  less  than  the  rise  at  Selma. 

Stages  of  25  feet  and  over :  Rome  to  Montgomery  in  1.7  days,  with  a  rise  of  8.9 
feet  over  the  Rome  stage.  Montgomery  to  Selma,  1.8  days,  with  a  rise  of  2.5  feet 
over  the  Montgomery  stage.  Selma  to  Claiborne,  4.4  days,  with  the  average  rise  6.7 
feet  less  than  the  Selma  stage. 

It  is  noticed  that  the  rise  at  Montgomery  depends  very  much  npon  the  combined 
inflow  from  the  Tallapoosa  and  Coosa  rivers;  fortunately  for  this  section ,  freshets 
that  occur  in  the  Tallapoosa  (as  indicated  by  the  Indian  meaning  the  words  **  Swift 
Water")}  as  a  rule  run  into  the  Alabama  and  flow  ofi"  before  the  fall  effect  of  the 
inflow  from  the  Coosa  is  felt. 
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The  noTtb western;  or  Tombigbee  system,  composed  of  the  lower  Tombigbee,  which 
is  formed  by  the  junction  of  the  npper  Tombigbee  and  the  Black  Warrior  rivers, 
drains  the  northeastern  portion  of  Mississippi  and  nearly  all  of  Alabama  west  of  a 
line  drawn  diagonally  from  southwest  to  northeast,  across  the  State;  in  fact,  the 
dividing  ridge  of  the  watershed  between  the  two  great  river  systems  of  this  State 
inclines  the  same  as  the  general  direction  of*  the  Appalachian  chain  of  mountains. 

As  of  the  northeastern  rivers,  the  same  may  be  said  of  the  watersheds  of  the  npper 
Tombigbee  and  the  Black  Warrior  rivers.  They  are  quite  abrupt  and  are  composed 
mostly  of  rapids  above  Colnmbns  and  Tuscaloosa,  are  confined  to  high  banks,  and  the 
currents  are  quite  swift.  The  ground  surface  of  the  drainage  area  is  divided  into 
the  same  belts  aud  has  very  nearly  the  same  characteristics  as  that  of  the  Alabama 
and  tributaries  and  is  mostly  affected  by  heavy  rains  in  northwestern  Alabama  and 
northeastern  Mississippi. 

The  distance  from  the  head  waters  of  the  Tombigbee  to  where  that  river  empties 
into  the  Mobile  River  is  about  390  miles.    This  system  drains  about  200  square  miles. 

Average  water  stages  in  the  Upper  Tombigbee  reach  Demopolis  from  Columbus, 
Miss.,  in  1.8  days,  while  fh>m  Cordova  to  Tuscaloosa  the  river  distance  is  nineteen 
hours  and  from  Tuscaloosa  to  Demopolis  about  one  day. 

At  high- water  stages  it  takes  a  rise  at  Columbus  1.3  days  to  travel  to  Demopolis, 
with  an  average  rise  of  8.4  feet  above  the  Columbus  rise. 

From  Cordova  to  Tuscaloosa  the  average  time  is  0.7  of  a  day  with  an  average  rise 
of  14.3  feet  over  the  Cordova  rise. 

Tuscaloosa  to  Demopolis  3.1  days,  with  an  average  rise  of  9.2  feet  over  the  Tus- 
caloosa rise. 

It  is  noticed,  however,  that  in  many  cases  with  a  freshet  coming  down  the  Black 
Warrior  and  the  npper  Tombigbee,  the  waters  from  the  latter  will  back  up  into 
the  Black  Warrior  and  increase  the  stage  at  Tuscaloosa,  which  backwater,  after 
the  pressure  has  been  relieved  below,  will  cause  a  secondary  rise  at  Demopolis  about 
four  days  later. 

Owing  to  the  width  of  the  river  and  the  lowlands  below  the  junction  of  the  Tom- 
bigbee and  the  Alabama,  the  backwater  from  either  of  these  rivers  has  no  percepti- 
ble effect  upon  the  other. 

It  is  almost  impossible  to  formulate  any  empirical  rule  as  to  the  exact  effect  of 
rainfalls,  reported  each  twenty-four  hours,  upon  the  stage  of  the  rivers  of  this 
section. 

The  intensity  and  frequency  of  the  rain,  as  well  as  the  condition  of  the  ground  in 
the  watershed,  must  be  considered.  For  instance,  after  a  prolonged  drought,  a  sudden 
and  heavy  rain  upon  the  ground  which  has  been  baked  to  a  hard  crust  will  nearly  all 
flow  off  into  the  streams,  while  the  same  amount  falling  slowly  would  be  absorbed 
by  the  dry  earth  and  go  toward  replenishing  dry  springs  or  be  taken  up  by  famish- 
ing vegetation  and  not  be  felt  in  the  larger  rivers  for  many  days. 

It  is  found  that  the  dangerously  high  waters  which  have  occurred  in  this  section 
have  been  during  the  months  from  January  to  May,  inclusive,  and  that  the  extremely 
high  waters  have  occurred  in  January  and  the  latter  part  of  March  and  during  the 
month  of  April. 

The  rains  which  cause  the  highest  rivers  in  this  section  are  sudden  and  excessive, 
or  heavy  and  prolonged  winter  and  spring  rains  over  northeastern  Mississippi, 
northern  Alabama,  and  northwestern  Georgia. 

Owing  to  the  extended  low- water  period  usual  in  these  rivers— from  June  to 
November,  inclusive — ^regular  observations  at  all  river  and  rainfall  stations  of  this 
section  were  discontinued  during  these  months,  and  special  observations  telegraphed 
only  when  the  stages  of  the  rivers  or  heavy  rainfalls  made  such  observations  neces- 
sary to  warn  the  interests  affected. 

It  is  learned  from  reliable  sources  that  great  floods  occurred  in  the  rivers  of  this 
section  in  the  spring  of  1833,  and  that  during  the  summer  months  of  1839  (six  years 
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later),  the  water  was  so  low  as  to  permit  walking  across  many  portions  of  the  Ala- 
bama River.  The  low  waters  of  the  fall  months  of  1894,  said  to  be  lower  than  at 
any  time  since  1839,  seems  to  indicate  a  period  of  fifty-five  years  between  extreme 
low  waters. 

NASHVIL.I.E,  TENN. 

By  Mr.  J.  B.  Mabbuby,  Local  Foreeoit  Offi/cial. 

The  Cumberland  River  rises  in  the  mountains  of  southeastern  Kentucky  and  flows 
in  semicircular  course  through  the  upper  and  central  portions  of  the  State  of  Ten- 
nessee. Its  course  is  extremely  crooked  for  the  first  200  miles  from  its  source,  after 
which  it  is  less  serpentine.  For  about  200  miles  it  passes  through  a  very  rough  and 
mountainous  country  which  forms  sheds  whose  drainage  is  either  directly  into  the 
Cumberland  or  brought  to  it  by  some  of  its  many  tributaries.  The  upper  portion  of 
the  river  is  subject  to  sudden  and  decided  changes,  due  both  to  the  topography  of 
the  country  on  either  side  and  to  the  narrowness  of  the  stream.  Near  Nashville  the 
river  widens  and  the  country  becomes  less  mountainous  and  rugged,  affording  less 
drainage  and  as  a  consequence  the  changes,  while  still  great,  are  less  than  at  and 
above  Bumside. 

The  more  important  of  the  tributaries  of  the  Cumberland  are  the  Laurem  and 
Rockcastle  rivers,  10  and  20  miles  above  Bumside.  These  rivers  drain  a  large  area  of 
the  mountainous  country,  thus  causing  sudden  and  decided  rises  at  Bumside  with 
comparatively  small  rainfall  in  that  vicinity.  At  Bumside,  it  is  narrow,  not  over 
100  feet  wide  at  low  water.  On  either  side  of  the  river  from  that  point  to  about  100 
miles  lower  down  are  high  and  steep  banks  From  Bumside  the  nver  widens  grad- 
ually to  about  400  feet  at  Carthage  at  low  water  and  about  700  feet  at  Nashville. 
From  Nashville  to  its  mouth  its  width  increases. 

At  Celina,  a  point  about  halfway  between  Carthage  and  Bumside,  the  Cumberland 
receives  the  water  drained  from  a  large  section  of  country  by  the  Obey  River. 
Caney  Fork,  another  important  tributary,  enters  the  Cumberland  with  water  drained 
from  a  large  area  Just  above  Carthage.  The  last  tributary  of  importance  reached 
before  arriving  at  Nashville  is  the  Stone  River,  which  reaches  the  Cumberland  about 
10  miles  above  Nashville. 

Changes  noted  at  Bumside  generally  affect  the  river  at  Nashville  in  from  forty- 
eight  to  fifty-six  hours  and  are  usually  modified  decidedly  by  the  time  this  point  is 
reached.  A  rise  or  fall  at  Carthage  is  noticed  here  in  about  twenty-four  to  thirty-six 
hours. 

The  higher  the  river  the  less  effect  a  change  at  the  two  upper  stations  have  on  the 
nver  at  Nashville.  At  a  35- foot  stage  at  Nashville,  10  feet  change  at  Bumside  will 
change  the  readings  at  Nashville  very  little  unless  there  have  been  general  rains 
along  the  entire  course  above  the  last-named  point.  This  fact  is  due  to  the  widen- 
ing of  river  banks  and  the  overflows  at  various  points  above  this  city. 

During  very  high  water  one  peculiarity  is  noticed  here.  With  the  water  at  or 
above  the  45-foot  point  it  wiU  continue  to  rise  at  Nashville  for  several  days  after 
it  has  fallen  at  both  Carthage  and  Bumside.  Upon  investigation  it  is  found  that 
this  is  due  to  the  fact  that  the  approaches  to  the  two  bridges  at  this  point  form  dams 
and  only  allow  the  water  to  escape  between  the  piers  of  the  bridge;  there  is  also  a 
third  bridge  2  miles  below  this  city  whose  approaches  form  a  dam  fully  a  mile  wide. 
The  combined  influence  of  these  forces,  I  think,  is  the  cause  of  the  rise  on  the  gauge 
at  Nashville  mentioned  above. 

NEW  ORUSANS,  LA. 

By  Mr.  R.  E.  Kbbkam,  Litedl  Forecast  Ojfieidl. 

A  wave  of  water  will  occupy  about  five  days  in  traversing  the  366  miles  between 
Yicksburg  and  New  Orleans,  and  the  rate  of  travel  is  faster  Just  below  Vicksburg,  or 
between  Vicksburg  and  Bayou  Sara,  than  between  Bayou  Sara  and  New  Orleans. 
As  a  general  thing  it  is  found  that  one-third  of  the  Vicksburg  rise  will  equal  the 
New  Orleans  rise,  and  that  the  Bayou  Sara  rise  is  somewhere  between  one-half  and 


90 

oae-thir-d  the  amonnt  of  the  Vicksburg  rise;  or,  a  35-foot  Vioksbarg  rise  will  gire 
about  25  feet  more  water  at  Bayou  Sara  aud  from  10  to  11  feet  more  at  New  Orleans. 
The  exact  proportion  of  the  flow  of  Mississippi  River  water  down  the  Atchafalaya  is 
not  yet  determined. 

Haying  withstood  a  stage  of  15  feet  at  New  Orleans  upon  several  occasions  daring 
late  years,  it  is  evident  that  great  improvement  has  been  made  in  the  levee  system 
along  the  Lower  Mississippi;  and  in  view  of  such  facts,  the  danger  line  of  13  feet  is 
not,  in  reality,  a  danger  line  any  longer.  It  is  only  when  a  stage  exceeding  15  feet  is 
anticipated  that  the  levees  are  closely  watched  and  strengthened  wherever  necessary, 
and  it  is  therefore  recommended  that  a  new  danger  line  of  15  feet  be  used  for  New 
Orleans.  With  a  stage  of  17  feet  on  the  New  Orleans  gauge  the  water  f^om  the  river 
will  commence  to  flow  over  the  levees,  rendering  it  necessary  to  erect  temporary  levees 
along  the  city  front.  Improvements  are  constantly  being  made  in  the  levee  system 
of  the  State,  and  back  or  protection  levees  are  placed  at  many  points  where,  owing 
to  a  curving  river,  the  danger  of  breakage  is  greater.  While  scarcely  within  the 
province  of  the  Weather  Bureau  to  suggest,  yet  the  disasters  of  the  all-levee  system 
of  past  years  to  the  agricultural  interests  render  the  subject  of  levees  and  outlets 
against  all  levees  of  particular  interest.  The  fact  remains  that  our  extreme  high 
water  of  late  years  in  the  Lower  Mississippi  Valley  was  only  a  part  of  that  which 
might  have  come;  that  this  lower  valley  has  not  as  yet  felt  the  full  effects  of  the 
combination  of  waters  from  the  several  central  and  upper  valleys  with  heavy  spring 
rains ;  and  that  it  is  not  unlikely  that  at  some  time  or  other  that  this  condition 
must  bo  met.  A  study  of  the  effects  of  combinations  of  high  waters  on  the  Lower 
Mississippi  Valley  would  be  of  great  value. 

There  are  so  many  minor  tributaries  of  the  Ouachita  River  in  northeast  Louisiana 
to  drain  that  section  that  crevasse  water  from  Arkansas  is  feared  by  the  planters  in 
our  northeastern  parishes,  or  breaks  in  the  levees  in  East  Carroll,  Madison,  Tensas, 
or  Concordia  parishes  of  Louisiana.  The  marked  fluctuations  in  the  Ouachita  at 
Camden  are  never  felt  at  Monroe,  since  between  Camden  and  Monroe  there  is 
a  large  tract  of  country  that,  when  the  stage  at  Monroe  passes  the  20-foot  mark, 
IS  overflowed,  acting  as  a  reservoir  for  the  flood  waters  from  the  upper  Ouachita 
and  keeping  the  stage  at  Monroe  at  a  more  gradual  rise  or  fall.  It  will  be  noticed 
by  a  reference  to  chartings  of  the  Ouachita  that,  whenever  the  stage  at  Monroe  falls 
below  20  feet,  with  a  falling  river  above,  the  decline  is  quite  rapid  to  low  water. 
On  an  average  the  river  at  Monroe  will  show  a  rise  two-thirds  as  great  as  at  Cam- 
den, and  within  about  four  days  thereafter,  if  the  river  at  Camden  rises  some  20  to 
30  feet  within  a  week  and  from  a  low  stage.  The  rate  of  travel  of  a  freshet  wave 
between  the  two  points  is  about  60  miles  per  day,  as  near  as  can  be  determined. 

An  approximate  rule  to  follow  in  forecasting  the  rises  at  Shreveport,  Coushatta, 
and  Alexandria,  on  the  Red  River,  is  that  Shreveport  will  have  from  one-half  to  two- 
thirds  of  the  rise  that  occurred  at  Fulton,  Ark.,  while  Fulton  will  be  about  one-fifth 
less  than  Arthur  City,  Tex.  Coushatta  will  have  about  four-fifths  of  Shreveport's 
rise,  and  Alexandria  usually  has  a  rise  that  averages  half  again  as  much  as  at  Cou- 
shatta. The  time  consumed  to  travel  the  683  miles  between  Arthur  City  and  Alex- 
andria is  about  ten  days,  and  about  four  days  from  Alexandria  to  New  Orleans. 

PABKEBSBTJB6,  W.  VA. 

By  Mr.  H.  W.  Richabdbon,  Observer. 

The  entire  State  is  either  mountainous  or  hilly.  The  Alleghany  and  Shenandoah 
mountains  bisect  northeast  and  southwest  the  eastern  arm  of  the  State,  the  Allegha- 
nies  continuing  southwest  and  dividing  the  State  from  Virginia  to  including  a  por- 
tion of  the  southern  border.  Parallel  to  the  Alleghanies  and  running  southwest 
from  Pocahontas  County  is  a  ridge  composed  of  the  Greenbrier  Mountains  at  the 
northeastern  extremity,  then  follow  the  Great  Flat  Top  range,  finally  culminating  in 
what  is  termed  the  Dividing  Ridge,  which  follows  the  entire  southern  border  of 
McDowell  County,  W.  Va.,  and  the  northern  borders  of  Tazewell  and  Buchanan 
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4<MiBtie8  ia  Virginia.  A  broad  and  rather  nndnlating  valley  covers  the  intervening 
territory  between  tbe  chain  of  monn tains  jast  described  and  the  AUeghanies.  The 
general  trend  of  both  chains  of  mountain  systems  northeast  and  southwest  through 
the  eastern  and  southern  portions  of  the  State  forme  the  watershed,  and  the  entire 
district  north  and  west  is  drained  by  the  Potomac.  All  the  streams  of  the  State  have 
a  rapid  fall,  and  consequently  run  out  quickly  after  flood  stage;  the  rise  from  normal 
to  flood  stage  being  equally  as  sudden.  The  area  drained  by  the  Ohio  and  tribu- 
taries at  and  above  Parkersbnrg  is  about  34,600  square  miles.  The  difference  in  alti  • 
tude  between  Parkersburg  and  Oil  City,  Pa.,  is  about  422  feet;  between  here  and 
Pittsburg  the  fall  is  more  gradual,  slightly  over  130  feet.  Parkersburg  is  distant 
firom  the  former  place  nearly  300  miles  and  from  Pittsburg  about  182  by  river.  The 
Ohio  Biver  is  increased  by  the  Muskingum  at  Marietta  (12  miles  above  Parkersburg), 
by  the  Little  Kanawha  at  Parkersburg,  the  Great  Kanawha  at  Point  Pleasant  (82 
miles  below),  and  the  Big  Sandy  at  Catlettsbnrg,  Ky.  (52  miles  below  Point  Pleas- 
ant). The  highest  water  known  at  Parkersburg  was  55  feet  on  February  9, 1884; 
the  lowest  was  0.3  foot  on  the  10th  and  11th  of  September,  1894;  in  fact,  during 
tbe  greater  portion  of  July,  August,  September,  and  October,  1884,  it  was  unusually 
low ;  on  forty-five  days  of  the  four  months  mentioned  the  river  reached  a  stage  as 
low  and  lower  than  that  of  October  30, 1879, 0.66  foot.  Navigation  is  generally  open 
on  most  of  the  rivers  except  in  July  and  August  and  a  part  of  September,  when  few 
if  any  boats  are  running  on  account  of  low  water.  Trouble  is  experienced  in  the 
winter  monti^s  of  course  on  account  of  ice,  but  it  is  the  exception  rather  than  the 
rule  that  a  complete  tie-np  on  this  account  occurs.  The  months  most  favorable  for 
navigation  are  March,  April,  May,  and  June;  October,  November,  and  December  are 
also  usually  favorable,  although  occasionally  there  is  an  exception  when  during 
October  and  November  navigation  is  suspended  because  of  low  water.  In  the  sec- 
tion covered  by  the  Ohio  and  tributaries  in  West  Virginia  the  average  annual  pre- 
cipitation varies  from  30  to  35  inches  in  Ohio,  Marshall,  Wetzel,,  Mason,  Putnam, 
and  Cabell  counties;  in  the  counties  of  Monongalia,  Preston,  Tucker,  Grant,  and 
Mineral  from  40  to  50  inches  fall  annually ;  in  the  intervening  districts  not  men- 
tioned, bat  tributary  and  including  watershed  on  eastern  and  southern  borders,  the 
annual  precipitation  is  anywhere  from  35  to  45  inches.  In  the  territory  drainec  by 
the  Potomac  it  varies  from  45  to  50  inches  in  the  counties  in  tbe  region  of  the  AUe- 
ghanies  and  bordering  on  Maryland  to  30  to  35  inches  in  the  extreme  arm  of  the  State. 
The  annual  snowfall  in  West  Virginia  averages  in  depth  about  3  feet  over  the  region 
covered  by  the  Ohio  Valley,  the  foil  then  increases  gradually  to  about  6  feet  over  the 
territory  drained  by  the  Monongahela  and  the  upper  Potomac ;  in  the  extreme  eastern 
portion  of  the  State  drained  by  the  Potomac  the  average  snowfall  is  about  3  feet. 
It  is  very  seldom  that  the  Ohio  and  tributaries  in  this  section  are  completely  closed 
up  by  ice.  When  this  occurs,  much  danger  is  apprehended  on  account  of  the  ice 
gorging  and  the  final  break-up.  If  the  snow  and  ice  thaw  gradually,  no  serious 
CQnsequences  ensue,  but  if  the  break-np  is  caused  and  is  accompanied  by  continual 
warm  weather  and  copious  rains  the  results  are  apt  to  be  disastrous.  The  months 
most  favorable  for  floods  are  January  and  February.  Freshets  occasionally  occur  in 
March,  April,  May, -and  September,  and  a  good  rise  is  almost  always  confidently 
looked  for  in  June.  An  examination  of  the  records  discloses  the  fact  that  in  the 
majority  of  instances  Pittsburg  is  the  main  index  point  as  regards  an  expected  flood 
stage  at  Parkersbnrg.  Whatever  the  flood  stage  at  Pittsburg  may  be,  the  flood  stage 
at  Parkersburg  will  be  about  12  feet  higher  nearly  two  days  later,  the  rate  of  travel 
of  crest  being  about  92  miles  per  day  between  the  two  points.  Of  course  the  flood 
stage  at  Parkersburg  might  be  slightly  more  or  less  than  indicated  by  the  additional 
12  feet  more  than  at  Pittsburg,  depending  altogether  upon  conditions  existing  as  to 
the  distribution  of  the  rainfall,  the  amount  of  snow  on  the  ground  in  the  districts 
drained,  the  thickness  of  ice,  if  any,  in  the  rivers,  and  the  location  and  extent  of  ice 
gorges.  Ice  is  a  specially  important  feature  both  as  to  gorges  and  displacement  when 
in  motion.    Careful  study  of  previous  records  and  the  consideration,  combined  with 
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a  fairly  accurate  knowledge,  of  the  effects  of  the  conditions  mentioned  in  time 
reduces  such  calculations  to  something  like  a  pure  mechanical  process.  Much 
depends  also  as  to  whether  the  rivers  are  running  out  rapidly  below  Parkersburg; 
the  Great  Kanawha  and  Big  Sandy  when  running  full  have  a  tendency  to  ''back"  the 
water  in  this  vicinity.  As  a  rule,  the  Muskingum  and  Little  Kanawha  run  out 
quickly;  when  these  rivers  have  a  ''secondary''  rise  and  run  out  on  top  of  a  flood 
stage  in  the  Ohio,  it  almost  always  follows  that  Marietta  and  Parkersburg  are  visited 
by  more  than  usual  flood.  A  fall  at  head  waters  to  Pittsburg  and  below  Davis  Island 
Dam  is  generally  followed  by  a  fall  at  Parkersburg  of  from  two  to  two  and  one-half 
or  nearly  three  days  later,  other  conditions  being  equal  and  the  Muskingum  and  Little 
Kanawha  quiet.  The  ''danger  line''  at  Parkersburg  is  38  feet,  but  this  is  thought 
to  be  too  high,  as  at  a  height  of  38  feet  many  houses  in  RiversidCi  an  eastern  snburb 
adjoining  the  Ohio  and  but  recently  added  to  the  city,  have  to  be  abandoned;  at  S7 
feet  several  of  these  houses  are  half  under  water.  The  river  gauge  is  at  the  junction 
of  the  Little  Kanawha  with  the  Ohio,  is  attached  to  a  pier  of  the  Ohio  River  Railroad 
Bridge,  and  extends  to  a  little  more  than  40  feet  above  the  zero.  There  is  a  United 
States  engineer's  gauge  on  the  opposite  side  of  the  Ohio  at  Belpre.  River  informa- 
tion is  valued  here  by  almost  all  classes  of  citizens.  The  interests  affected  are  many 
and  varied.  Traffic  on  the  Ohio  is  mostly  in  coal  and  merchandise,  although  a  few 
boats  are  equipped  with  passenger  facilities  more  especially.  On  the  Little  Kana- 
wha there  are  all  the  other  interests  combined,  together  with  an  immense  amount  of 
timber  in  the  shape  of  logs  and  ties  annually  brought  out.  Frequently  millions  of 
feet  of  timber  lie  in  the  upper  waters  of  this  river  awaiting  a  rise;  as  a  consequence 
weather  forecasts  are  watched  with  the  keenest  interest  by  those  financially  con- 
cerned* The  Little  Kanawha  fk  navigable  to  Crestou,  58  miles  above  Parkersburg. 
Transportation  is  effected  almost  entirely  by  boat,  there  being  no  railroad  through. 
The  river  reports  received  at  Parkersburg  are  as  follows:  Monongahela,  Morgan- 
town;  Alleghany,  Oil  City,  Parkers  Landing,  Pittsburg;  Ohio,  Davis  Island  Dam 
(from  Western  Union  free),  Wheeling,  Marietta  (telephone  iree).  Point  Pleasant, 
Cincinnati,  Cairo ;  Great  Kanawha,  Hinton  and  Charleston ;  Little  Kanawha,  Creston 
and  Leachtown,  daily,  free  by  telephone,  and  any  other  points  desired.  Importance 
is  attached  to  all  these  reports,  and  the  river  bulletin  has  been  made  an  especial 
feature  on  the  daily  weather  map. 

PORTLAND,  OR£6. 

By  Mr.  B.  S.  Pagub,  Local  Fortcaai  OJficial. 
THE  COLUMBIA.  AND  TRIBUTARY  RIVERS  EAST  OF  THE  CASCADES. 

The  Columbia  River,  with  its  tributaries,  drains  that  portion  of  the  United  States 
west  of  the  one  hundred  and  thirteenth  meridian  and  north  of  latitude  42^  except 
a  portion  of  northwestern  Washington  and  southwest  Oregon.  The  greater  por- 
tion of  the  eastern  half  of  British  Columbia  is  also  drained  by  the  Columbia  and 
its  tributaries.  The  area  drained  amounts  to  upward  of  d50,(X)0  square  miles,  or 
about  225,(XX),(XX)  acres.  The  main  tributaries  of  the  Columbia  are  the  Willamette 
in  western  Oregon,  the  Snake  in  Idaho,  the  Kootenai  of  Montana  and  British  Colum- 
bia, and  Lake  Pend  Oreille  in  northern  Idaho. 


Station. 


fielena 

Spokane  .... 
Wallft  Walla 
Umatilla.... 
The  Dalles. . 

Baker 

Boise  City  .. 


Average 

Average 

for  five 

annual 

months 

precipi- 

(November 

tation. 

to  March, 

indosive). 

14.27 

4.46 

20.08 

11.  Oi 

17.94 

10.08 

9.96 

5.67 

15.57 

11.84 

14.63 

8.10 

14.80 

8.07 
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The  above  stations  cover  the  ooantry  drained  and  represent  very  fairly  the  pre- 
cipitation to  be  carried  off  by  the  Columbia  River.  In  the  second  table  the  average 
for  five  months  shows  approximately  the  amount  of  snowfall. 

Helena,  Mont.,  lies  close  to  the  highest  elevation  of  the  Rocky  Mountains  in  that 
latitude  (nearly  47^  N.).  There  the  precipitation  is  partially  due  to  cyclonic  areas 
moving  southward  on  the  east  side  of  the  Rockies.  About  32  per  cent  of  it  is  in  the 
form  of  snow,  which  would  make  about  4  feet  of  snow  per  annum.  This  represents 
approximately  the  amount  of  snow  in  the  mountains  of  western  Montana  to  be 
melted  by  the  warm  weather  of  spring  and  early  summer  and  emptied  into  the 
streams. 

Spokane,  in  northeastern  Washington,  has  the  highest  precipitation  of  the  stations 
given  above.  This  is  due  to  its  proximity  to  the  western  slope  of  the  mountains 
and  the  topographical  features  surrounding  it.  While  the  precipitation  given  for 
the  months  likely  to  have  snowfall  is  about  11.04  inches,  it  must  not  be  surmised 
that  there  is  that  much  snowfall  at  that  point.  Spokane  has  an  average  of  approxi- 
mately 6  feet  of  snowfall  per  annum,  and  this  fairly  represents  the  amount  of  snowfall 
in  the  mountains  of  northeastern  Washington,  northern  Idaho,  and  southwestern 
British  Columbia  that  will  be  melted  in  the  springtime. 

Walla  Walla,  in  the  southeastern  portion  of  Washington,  represents  the  great 
basin  of  the  Columbia  with  17.94  inches  of  precipitation,  of  which  10.08  inches 
occur  during  the  months  when  snow  is  probable.  Owing  to  peculiar  climatic  con- 
ditions, January  is  the  only  month  having  a  mean  temperature  below  the  freezing 
point,  viz,  90.6^.  January  and  February  are  the  only  months  with  a  mean  minimum 
temperature  below  32^.  The  lowest  mean  maximum  occurs  in  January,  viz,  36.3^; 
hence  it  is  seen  that  in  the  immediate  Columbia  River  basin  there  is  but;  little  chance 
for  any  material  amount  of  snowfall  to  influence  the  river  during  flood  periods. 

Umatilla,  in  Oregon,  and  to  the  west  of  Walla  Walla,  has  an  annual  precipitation 
of  9.96  inches,  of  which  there  is  a  possibility  of  5.67  inches  in  the  form  of  snow. 
Its  climatic  conditions  being  quite  similar  to  those  of  Walla  Walla,  there  is  small 
snowfall  to  influence  the  river.  Umatilla  represents  the  eastern  slope  of  the  Cas- 
cade Mountains,  while  Walla  Walla  the  eastern  side,  or  more  nearly  the  center,  of  the 
valley,  between  the  eastern  slope  of  the  Cascades  and  the  western  slope  of  the 
Rocky  Mountains. 

The  Dalles,  Oreg.,  lies  on  the  immediate  eastern  side  of  the  Cascades,  about  45 
miles  from  their  crest  (latitude  45^  30'  N.).  Here  is  found  an  annual  precipitation 
of  15.57  inches,  with  about  11.34  inches  thereof  during  probable  snowfall  periods. 
The  climatic  conditions  here  do  not  differ  much  from  those  of  Walla  Walla,  yet  the 
11.34  inches  of  snow  can  be  approximately  used  as  the  amount  of  precipitation  that 
occnrs  on  the  eastern  side  of  the  Cascades  for  a  distance  of  45  miles  from  the  summit. 

Baker  City,  Oreg.,  and  Boise  City,  Idaho,  represent  very  fairly  the  amount  of  pre- 
cipitation that  occurs  over  Oregon,  east  of  the  Blue  Mountains  and  over  the  whole 
of  Idaho. 

These  stations  show  about  8  inches  of  water  from  probable  snowfall;  not  over  one- 
half  this  amount  Is  subject  to  use  during  the  time  of  probable  flood  periods,  due  to 
the  frequent  melting  of  snow  during  the  winter  time  under  the  influence  of  the 
'' Chinook  winds.''  The  '^ Chinook  winds''  affect  the  whole  country  now  being  dis- 
cussed, and  by  frequently  melting  the  snow  during  the  winter  months  cause  the 
water  to  run  off  and  reduce  the  supply  for  flood  purposes. 

FLOODS  AND  THEIR  CAUSES. 

The  Columbia  River  flows  for  about  4(X)  miles  before  it  strikes  the  international 
boundary  line  in  northeastern  Washington,  thence  769  miles  to  the  Pacific  Ocean. 
The  Columbia  enters  the  United  States  at  an  elevation  of  about  1,305  feet.  The 
Snake  River  has  its  source  in  the  vicinity  of  the  Yellowstone  National  Park,  iu  Wyo- 
ming;  and  is  some  900  miles  long  to  Pasco,  Wash.,  where  it  empties  into  the  Colum- 
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bia.  The  elevation  of  the  Snake  along  its  coarse  to  whex«e  it  strikes  the  boundary 
line  of  Oregon  is  over  2,000  feet,  from  which  point  to  the  Colambia  River  it  falls 
rapidly.  Pasco,  Wash.,  at  the  mouth  of  the  Snake,  has  an  elevation  of  410  feet.  From 
Pasoo  to  the  mouth  of  the  Willamette  (Portland)  the  distance  is  240  miles,  and  there 
is  a  fall  of  400  feet. 

The  results  of  the  survey  of  the  Columbia  River,  made  about  three  years  ago  by  the 
United  States  Engineer  Corps,  show  at  one  portion  of  the  river  south  of  the  inter- 
national  boundary  line,  where  the  observations  were  made  to  determine  the  volume 
of  flow,  that  at  a  low  stage  of  water  the  flow  was  50,000  cubic  feet  pet  second,  and 
at  a  high  stage  of  water  300,000  cubic  feet  per  second,  the  difference  between  high 
and  low  water  at  that  point  being  40  feet.  The  flow  of  the  Snake  River  at  an  aver- 
age height  may  not  exceed  by  more  than  one-half  the  flow  of  the  Columbia  a4  the 
point  observed.  The  mountains  furnishing  the  snow  for  the  river^s  supply  are  the 
Cascades,  Colville  Mountains,  Chelan  range,  Cosur  d'Alene  and  Kootenai  mountains, 
Selkirk,  and  Pnroelle  ranges,  Salmon  River  Mountains,  Blackfoot,  Cariboo,  Bannock, 
Port  Nenf,  Snake  River,  and  Blue  mountains.  The  last  named  in  Oregon,  the  pre- 
ceding six  in  Idaho,  the  others  in  Montana,  British  Columbia,  and  Washington. 

The  accumulated  snow  of  winter  gives  away  to  the  increasing  heat  of  summer,  and 
from  this  cause  high  water  and  sometimes  floods  result.  The  best  example  of  flood 
eauses  will  be  found  in  the  high  water  of  1894,  when  the  Columbia  River  was  higher 
than  ever  before  known.  The  amount  of  precipitation  during  the  winter  of  1803-04 
was  about  normal,  but  the  temperature  was  slightly  below  the  average,  which  per- 
mitted of  a  great  accumulation  of  snow,  which  was  later  rapidly  melted  during  a 
warm  period  in  the  latter  part  of  May. 

The  flood  was  the  more  severe  below  the  mouth  of  the  Snake  on  account  of  the 
snow  along  the  upper  Columbia  and  along  the  Snake  melting  at  one  and  the  same 
time.  So  far  as  precipitation  is  concerned,  conditions  favorable  for  the  occur- 
rence of  floods  in  the  Columbia  obtain  every  year  ]  but  the  floods  depend  entirely 
upon  the  temperature  conditions.  An  early  spring  or  a  slowly  approaching  spring 
will  cause  a  gradual  melting  of  the  snow  and  no  especially  high  water  will  resolt; 
but  a  late  spring,  with  a  sudden  period  of  warm  weather,  will  surely  produce  flood 
conditions. 

The  following  table  shows  the  date  of  the  highest  water  at  Portland,  Oreg.  (on 
the  Willamette  River),  each  year  since  1880,  due  to  the  rise  in  the  Columbia  River 
and  consequent  backwater  in  the  Willamette: 


1880 

1881 
1882 
1883 
1884 
1885 
1886 
1887 


Highest. 


Feet. 
25.4 

19.7 
23.2 
17.9 
20.2 
14.5 
20.0 
25.7 


Date. 


jQDeSO  and 

Jnly  12. 
Jane  16. 
June  15. 

Do. 

Do. 
Jane  28. 
June  9. 
June  21. 


Year. 


1888 
1889 
1890 
1891 
1892 

1898 

1894 


Highest. 

Feet. 

18.2 

10.0 

20.1 

14.1 

19.3 

5      21.0 
\       22.0 

83.0 

Date. 


June  18. 
May  21. 
May  20. 
Jane  7. 
Jane  24. 
May  22. 
Juno  15. 
Jane  7. 


The  above  shows  that  the  Columbia  River  floods  occur  from  May  15  to  July  15,  with 
a  great  number  of  them  before  June  20.  As  noted  before,  the  rise  in  the  river 
depends  upon  the  rapidity  of  melting  of  the  snow,  and  this  is  due  to  the  tempera- 
ture. The  flood  probabilities  are  determined  from  the  temperature  conditions  that 
prevail  from  about  May  15  to  June  15. 


HISTORY  OF  THB  COLUMBIA  RIVEB  8BRVICB. 

River  gauge  readings  have  been  made  at  Cascade  Locks,  Oreg.,  by  the  United 
States  Engineer  Corps  since  1880  and  are  still  being  carefully  made  at  this  date, 
copies  of  the  records  being  at  the  disposal  of  this  Bureau.    Readings  of  the  river 


96 

gauge  have  been  taken  for  part  of  each  year  at  The  Dalies,  Oreg.,  since  1890.  At 
Umatilla,  Oreg.,  readings  were  taken  from  March,  1878,  to  March,  1887;  partial 
readings  only  from  1883  to  1887.  In  1890  and  1891,  readings  were  taken  only  during 
probable  fiood  periods,  and  from  1892  to  October,  1894,  daily  readings  were  made. 
At  Pasco,  Wash.,  the  Northern  Pacific  Railroad  takes  readings  and  famishes  this  office 
with  copies  of  its  records  whenever  desired.  River  records  made  at  Riparia,  Wash., 
by  the  Oregon  Railway  and  Navigation  Company  (on  the  Snake  River)  are  also 
available  whenever  desired.  A  record  was  made  in  former  years  at  Lewiston,  Idaho, 
bat  the  same  appears  to  have  been  lost.  A  brief  record  for  1892  was  made  at  Ontario, 
Oreg.  A  partial  record  was  made  by  the  Union  Pacific  Railway  at  Huntington, 
Oreg.,  but  is  not  available.  Gauges  were  erected  during  December,  1894,  at  Nortii- 
port.  Wash. ;  Wenatchee,  Wash. ;  Lewiston,  Idaho,  and  Weiser,  Idaho. 

The^gauges  at  Umatilla  and  The  Dalles,  Oreg.,  were  repaired.  The  river  gauges 
along  the  Columbia  and  Snake  rivers  available  for  record  at  this  date  are  at  the  fol- 
lowing places:  Northport  and  Wenatchee,  Wash.;  Lewiston  and  Weiser,  Idaho; 
Umatilla  and  The  Dalles,  Oreg.,  and  by  cooperation  with  others,  Riparia  and  Pasco, 
Wash.,  and  Cascade  Locks,  Oreg. ;  all  of  which  go  to  make  a  complete  and  satis- 
factory river  service.  With  a  service  not  nearly  so  good,  this  office  saved  to  the 
merchants  of  Portland  alone,  by  successful  flood  warnings  issued  during  June,  1894, 
the  sum  of  $240,500,  of  which  there  is  a  record,  and  many  thousands  of  dollars  to 
others  of  which  there  was  no  record  kept. 

THB  WILLAMETTE  RIVEB. 

This  is  the  main  tributary  of  the  Columbia  west  of  the  Cascades  and  drains  the 
Ii»rtll6  Willamette  Valley.  It  is  some  200  miles  from  its  source  in  the  Cascades  and 
Calapooia  Mountains  to  its  mouth,  which  is  6  miles  north  of  Portland,  where  it 
emp^es  into  the  Columbia  River.  It  has  numerous  tributaries ;  there  are  about  40 
streams  that  feed  it  during  its  course.  The  main  river  is  navigable  for  about  100 
miles  from  its  month. 

CAUSE  OF  FLOODS  IN  THE  WILLAMETTE  YALLBT. 

The  main  cause  of  floods  in  this  valley  is  the  complete  saturation  of  the  soil  by  the 
rains  of  November  and  December;  the  prevailing  high  humidity  prevents  evapora- 
tion, so  that  usually  all  the  rain  falling  after  January  1  runs  off  and  into  the  rivers,  the 
natural  drainage  canals — ^the  numerous  small  streams  quickly  precipitating  the  fallen 
rain  into  the  main  river,  which,  being  unable  to  discharge  rapidly  enough,  produces 
the  rapid  rise.  In  1881  a  flood  resulted  from  the  very  heavy  rainfall,  which  produced 
its  greatest  effect  about  February  7,  on  which  date  the  river  stood  2S.8  feet  at  Port- 
land, having  risen  17  feet  in  six  days.  The  heavy  rainfall  occurred  on  the  Ist  and 
2d  of  February,  and  amounted  to  about  4  inches  in  forty- eight  hours.  The  heaviest 
rainfall  on  recmd  at  Portland  is  10.61  inches  in  forty  hours  on  December  12-13, 1882. 
The  forty  days  preceding  this  excessive  precipitation  was  comparatively  dry,  henoe 
a  large  amount  thereof  was  absorbed  by  the  soil;  it  was,  nevertheless,  sufficient  to 
cause  the  river  to  rise  from  6.5  to  18.5  feet  in  three  days. 

Save  in  one  single  instance  the  rainfall  alone  has  not  caused  the  river  to  rise  above 
18.7  feet,  and  in  this  one  instance,  viz,  February  7, 1881,  the  rapid  increase  in  tem- 
perature during  the  first  few  days  of  February  caused  the  snow  in  the  mountains  to 
melt  rapidly  and  in  this  way  materially  assisted  the  rainfall  in  causing  the  flood. 

The  highest  water  on  record  produced  by  the  Willamette  River  alone  occurred  on 
February  5, 1890,  when  the  gauge  at  Portland  showed  28.7  feet.  Corresponding  high 
water  prevailed  through  the  valley,  which  resulted  in  doing  damage  to  the  extent  ol 
$1,000,000.  This  flood  followed  the  heavy  rains  that  fell  from  January  22  to  Feb. 
ruary  5,  during  which  period  15.67  inches  of  rain  fell  at  Portland.  Just  previous  to 
the  oommencement  of  this  heavy  rainfall  about  35.3  inches  of  snow  fell,  making  h 
total  of  19.2  inches  of  water  at  Portland,  which  went  into  the  river  in  a  short  time 
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The  preoipitation  in  the  Willamette  Valley  avetages  about  75  per  cent  of  that  at 
Portland,  so  that  approximately  12.15  inches  of  water  flowed  into  the  river  within 
two  weeks'  time,  and  the  result  was  the  great  spring  freshet  of  1390.  The  following 
highest  waters,  with  dates  each  year,  resulting  from  purely  local  causes  in  the  Wil- 
lamette Valley,  will  prove  of  interest : 


Year. 


1880 
1881 
1882 
1882 
1883 
1884 
1885 
1886 
1887 


Height. 

Feet. 

15.9 

23.8 

18.5 

14.8 

16.7 

12.0 

15.0 

17.1 

15.8 

Bate. 


January  9. 
February  7. 
December  16. 
March  4. 
Febraary  2. 
February  ^. 
January  9. 
February  4. 
February  1. 


Year. 


1888. 
1889. 
1890  > 
1891. 
1892. 
1893. 
1893. 
1804. 
1894' 


Height. 

Feet. 

16.2 

4.2 

28.7 

6.0 

12.1 

18.7 

8.8 

16.1 

18.0 

Date. 


February]. 
January  24. 
February  5. 
March  28. 
January  5. 
December  4. 
February  14. 
January  23. 
March  10. 


>  Special  reading  at  5  p.  m.,  one  hundred  and  twentieth  meridian. 

'During  April,  1804,  the  river  was  from  11.0  to  17.8  feet.    On  May  2  it  was  17.0.    It  then  fell  to  15.2 
on  May  6,  and  roee  steadily  to  a  maTiTrmm  of  33  feet  on  June  7. 

HISTORY  OF  THB  RIYEB  GAUGES  ALONG  THE  WILLAMETTE  RIVER. 

The  river  gauge  at  Portland  was  first  estahlished  by  the  city  engineer  abont  1872. 
The  records  previous  to  1879  are  in  his  possession.  On  March  16, 1879,  observations 
of  the  height  of  the  river  were  begun  and  a  record  kept  daily  by  this  Bureau  which 
have  been  kept  up  ever  since.  At  Oregon  City,  18  miles  south  of  Portland,  a  gauge 
has  been  in  use  for  the  past  five  years  by  the  Willamette  Pulp  and  Paper  Company, 
at  whose  offices  a  record  has  been  made,  during  high  water  only,  of  the  height  of  the 
river.  A  record  is  supposed  to  have  been  made  by  the  lock  company  at  that  place 
prior  to  that  of  the  paper  company,  but  no  trace  of  it  can  be  found  to-day.  At 
Salem  a  gauge  was  erected  by  this  Bureau  in  1890  and  a  partial  record  has  been  made 
since  at  that  point.  Gauges  were  erected  at  Albany  and  Eugene  by  the  Weather 
Bureau  in  1878  (November),  and  since  then  partial  records  have  been  made,  princi- 
pally during  the  winter  months.  Excellent  river  gauges,  owned  by  this  Bureau,  are 
now  located  at  Eugene,  Albany,  Salem,  and  Portland.  Gauge  readings  can  be  obtained 
at  any  time  from  Oregon  City  when  desired. 


FLOODS  AT  PORTLAND. 

Portland  is  on  the  Willamette,  the  river  flowing  through  the  center  of  this  city, 
and  is  6  miles  from  where  the  river  empties  into  the  great  Columbia. 

About  18  miles  south  of  Portland  are  Willamette  Falls.  At  Portland  the  zero  of 
the  river  gauge  is  4  or  5  feet  (surveyors  differ)  above  mean  low  tide  at  Astoria,  100 
miles  west. 

When  the  river  at  Portland  stands  at  S  feet  above  zero,  there  is  a  tide  of  3  feet 
shown  on  the  gauge  at  the  time  of  high  tide.  The  lower  docks  along  the  river  front 
are  from  15  to  18  feet  above  the  zero  of  the  gauge.  The  cellars  of  buildings  on 
Front  street  (the  first  street  from  the  river)  on  the  west  bank  are  from  17.5  to  19 
feet  above  the  zero  mark.  Hence  the  danger  point  begins  at  about  15  feet,  though 
damage  is  not  done  until  17.5  feet  are  reached.  Portland  is  subject  to  freshets  of 
the  Willamette  River,  that  occur  usually  about  February  1,  and  to  the  backwater 
incident  to  the  rise  in  the  Columbia,  which  takes  place,  as  a  rule,  in  June.  The 
Columbia  rises  and  prevents  the  Willamette  from  discharging  its  waters  into  it,  and 
hence  this  water  is  backed  up  to  the  falls  at  Oregon  City.  About  4  miles  south  of 
Portland  a  rapid  rise  of  the  land  occurs,  and  the  result  is  that  the  backwater  flood 
is  confined  principally  to  within  10  miles  of  the  Columbia  Biver. 
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BAUSIGH,  N.  C. 

By  C.  F.  VON  Hermann,  Observer. 

The  western  streams  of  North  Carolina  are  short  and  very  rapid^  and  no  system  of 
river  and  flood  warnings  has  been  established.  Predictions  of  floods  conld  here  only 
be  made  from  the  probability  for  excessive  rainS;  not  from  river-gauge  readings,  as 
the  rise  of  these  rivers  is  too  rapid  to  enable  the  stages  to  be  telegraphed  to  the  cen- 
tral office  in  time  for  the  issne  of  flood  warnings. 

The  rivers  in  the  east,  however,  have  a  mnch  longer  course,  and  flow  in  the  eastern 
district  through  alluvial  formations  still  being  built  up  by  the  rivers  themselves. 
Here  floods  are  suflioieutly  frequent  and  destructive  to  make  the  system  of  river 
and  flood  warnings  established  by  the  Weather  Bureau  of  great  value  to  agricultural 
and  other  interests  in  this  section  of  the  State. 

The  average  annual  precipitation  for  North  Carolina  is  nearly  4i  feet.  The  greater 
part  of  this  large  amount  of  water  finds  its  way  to  the  sea  through  thirteen  large 
streams.  The  drainage  areas  may  be  classified  into  three  systems:  (1)  Areas  wholly 
within  the  State,  or  nearly  so,  whose  streams  reach  the  ocean  within  the  coast  line 
of  North  Carolina;  (2)  the  rivers  which  enter  the  Atlantic  through  South  Carolina; 
(3)  the  areas  west  of  the  crest  of  the  Blue  Ridge,  whose  waters  finally  enter  the 
Qulf  of  Mexico  through  the  Mississippi  River. 

1.  To  the  first  system  belong  the  innumerable  small  streams  entering  the  sounds, 
which  have  very  little  fall,  generally  less  than  1  foot  to  the  mile,  and  five  large 
rivers,  the  Chowan,  Roanoke,  Tar,  Neuse,  and  Cape  Fear. 

The  Roanoke,  with  its  tributary ,  the  Dan,  is  the  longest  river  of  the  State,  and  has 
its  sources  in  the  Blue  Ridge.  Its  total  length  is  300  miles,  and  it  drains  the  northern 
counties  from  Stokes  to  Northampton.  The  total  area  drained  probably  exceeds 
8,000  square  miles.  A  large  volume  of  water  enters  it  through  its  Virginia  tribu- 
tary, the  Staunton.  The  fall  of  the  Roanoke  from  Danbury,  in  Stokes  County,  to 
the  point  of  entrance  into  Albemarle  Sound  is  700  feet.  The  river  is  navigable  as 
far  as  Weldon.  Extensive  farms  along  the  lower  course  of  the  Roanoke  are  in  some 
cases  protected  from  floods  by  embankments ;  numerous  islands  which  appear  during 
low  water  are  used  for  stock. 

The  largest  streams  south  of  the  Roanoke  are  the  Tar,  Neuse,  and  Cape  Fear.  The 
Tar  drains  eight  counties,  and  is  navigable  up  to  Tarboro.  The  Neuse,  rising  in  the 
highlands  of  Person  County,  flows  southeast  into  Pamlico  Sound  at  Newborn,  where 
the  river  is  over  a  mile  wide. 

The  Cape  Fear  River  drains  the  largest  area  in  the  State,  over  8,000  square  miles. 
The  river  rises  in  the  northwest  comer  of  Guilford  County,  pursues  a  southeast 
course,  and  enters  the  Atlantic  30  miles  below  Wilmington.  The  fall  throughout  its 
course  is  over  500  feet.  It  is  navigable  for  150  miles  up  to  Fayetteville.  When  the 
river  is  high  a  large  area  of  farm  land  is  flooded,  and  lumber  and  milling  interests 
at  Wilmington  are  also  affected. 

2.  The  chief  rivers  of  the  second  system  which  flow  through  South  Carolina  are 
the  Yadkin  and  Catawba.  They  have  very  similar  courses,  rising  on  the  eastern 
slope  of  the  Blue  Ridge,  flowing  first  eastward,  and  then  curving  sharply  south- 
ward. The  largest  of  these  rivers,  the  Yadkin,  has  a  length  of  250  miles ;  its  fall  to 
the  land  is  500  feet,  and  700  feet  more  to  Cheraw,  S.  C.  Its  drainage  area  is  about 
5,000  square  miles.  The  Catawba  and  Broad  are  Important  as  the  sources  of  the 
Santee  River  of  South  Carolina. 

The  six  rivers  of  the  third  drainage  system  are  the  Hiwassee,  Big  Pigeon,  Tennes- 
see, French  Broad,  Watauga,  and  New.  The  last  takes  an  unusual  coiirse  northward 
into  the  Ohio  River  from  the  northwest  comer  of  the  State.  The  valleys  of  these 
streams  are  inclosed  basins,  and  the  waters  pass  the  western  mountain  barrier 
through  deep  and  rugged  gorges. 

3.  Some  records  of  high  water  previous  and  subsequent  to  the  establishment  of 
river  stations,  and  some  remarks  on  the  rapidity  or  rise  and  freezing  of  the  rivers  of 
North  Carolina. 
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There  is  a  tradition  that  the  hi^^est  stages  of  tlie  riverB  of  North  Carolina  were 
reached  daring  the  great  May  freshet  of  1771. 

Yery  high  stages  of  the  Roanoke  River  ooonrred  in  1802,  when  the  river  reached 
about  38  feet  above  low  water  on  June  7.  On  January  5, 1865,  FayetteviUe  reported 
as  75  feet  above  low  water,  but  which  recent  circumstances  indicate  could  not  have 
exceeded  SO  feet  on  the  present  gauge. 

Other  destructive  freshets  occurred  May  10, 1873,  and  September  25, 1876. 

The  highest  stage  of  the  Roanoke  ever  reached  is  said  to  have  occurred  in  Novem- 
ber, 1877.  The  waters  touched  the  highest  points  ever  reported  at  Danville,  Va., 
namely,  19  feet,  and  at  Cflarksville,  Va.,  27  feet;  and  on  November  26  the  stage  at 
Weldon  was  48  feet  8  inches,  which  has  not  since  been  exceeded. 

Other  floods  on  the  Roanoke  occurred  July  4, 1886,  September  18, 1888,  and  June  1, 
July  2,  and  August  3, 1889. 

Coming  down  to  times  for  which  authentic  records  exist,  the  following  data  of 
interest  may  be  mentioned : 

At  Mount  Holly  the  Catawba  River  reached  the  highest  stage,  14  feet,  August  8, 
1887.    The  danger  line  is  placed  at  20  feet.    The  lowest  is  0.2  foot  in  June,  1890. 

At  Weldon  the  Roanoke  River  passed  the  danger  line,  27  feet,  in  February,  March, 
April,  May,  June,  and  August,  1891;  highest,  85  feet.  May  31.  In  1892  it  exceeded 
the  danger  Une,  January  15  to  23;  highest,  33.6  feet,  on  January  16.  In  1893  the 
highest  stage  reached  was  39  feet,  September  16.  The  lowest  river  was  0.1  foot, 
October,  1892. 

A  remarkable  rise  of  the  rivers  of  eastern  North  Carolina  occurred  January  9  to  15, 
1895,  which  was  suocessAilly  predicted  by  the  Weather  Bureau.  The  Cape  Fear 
River,  at  FayetteviUe,  reached  the  highest  stage  ever  known,  namely,  58  feet,  on 
January  12,  and  rose  to  within  5  feet  of  the  great  flood  of  November,  1877.  Owing 
to  the  season  of  the  year,  comparatively  little  damage  was  done. 

The  rapidity  with  which  the  rivers  rise  requires  the  greatest  vigilance  and  prompt- 
ness in  issuing  warnings.  A  rise  has  occurred  at  Weldon  of  as  much  as  25  feet,  and 
at  FayetteviUe  as  much  as  80  feet  in  twenty-four  hours,  the  rivers  thus  reaching  the 
danger  line  from  relatively  low  stages  within  a  day. 

Ordinarily  the  waters  of  North  Carolina  remain  open  all  the  year,  except  the 
smaller  streams  in  the  western  district.  During  severe  winters,  such  as  occurred 
in  1857, 1886,  and  1895,  all  the  rivers  freeze  and  even  the  sounds,  except  the  central 
portion  of  Pamlico  Sound,  and  the  lower  courses  of  the  streams  in  the  southeast 
corner  of  the  State.  In  1893,  for  instance,  Albemarle  Sound,  from  Elizabeth  City 
to  Roanoke  Island,  was  frozen  from  8  to  14  inches  thick  frt>m  Oie  2d  to  the  28th. 
Currituck  Sound  was  frozen  over  nearly  the  entire  month.  The  Cape  Fear,  at  Fay- 
etteviUe, was  frozen  over  firom  the  19th  to  the  27th ;  the  Neuse,  at  Newborn,  18th  to 
28th;  the  Tar,  at  Torboro,  18th  to  27th;  the  Roanoke,  at  Weldon,  17th  to  28th.  The 
Yadkin,  at  Salisbury,  and  the  French  Broad,  at  Hendersonville,  were  frozen  over  with 
ice  10  inches  thick.  Similar  conditions  prevailed  in  the  other  years  mentioned  above. 
Ice  gorges  are  then  somewhat  common,  without,  however,  doing  much  damage. 

HOW  FRBSHXTS  MAT  BK  PRKDIOTBD. 

There  is  no  regularity  in  the  rising  and  fsdling  of  rivers  of  North  Carolina,  and  no 
spring  floods,  as  such.  The  snowfall  in  the  mountains  in  winter  is  rarely  heavy 
enough  to  constitute  a  special  factor  in  causing  floods,  for  the  reason  that  there  can 
be  no  great  aconmulatton  of  snow.  What  fklls  one  week  is  sure  to  melt  the  next, 
and  the  rivers  ordinarily  remaining  open  nearly  all  the  year  round,  conduct  the 
waters  from  the  mountains  gradually  to  the  sea.  Owing  to  the  uniformity  in  the 
distribution  of  precipitation  tiiroughout  the  year,  the  flow  of  the  rivers  is  nearly  as 
ftill  one  month  as  another. 

The  suooess  of  the  river  and  flood  warnings  in  North  Carolina  will  depend  to  a 
great  extent  on  the  ability  of  the  forecaster  to  recognize  when  the  oonditions  become 
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&yonble  for  heavy  rains,  BxoesaiTe  pveoipiitajtioa,  and  oonseqnent  flooding  of 
streams,  occurs  most  frequently^  associated  with  cyclonic  disturbances  moving  from 
the  Gulf  of  Mexico  to  Florida  and  thence  up  the  Atlantic  coast,  and  especially  in 
conneetiaB  irHh  the  regular  subtropical  storms  of  August,  September,  and  October. 
But  even  the  presence  of  a  relatively  slight  depression  over  Alabama  or  Georgia,  or 
off  the  South  Carolina  coast,  with  a  high  area  ovw  New  England,  ^riil  cause  heavy 
rains  in  the  central  and  eastern  parts  of  the  State.  Frequently  the  heaviest  rain- 
fall is  confined  to  a  limited  portion  of  the  State,  as,  for  instance,  m  August,  18M, 
when  an  enormous  rainfall  ooourred  in  the  southeastern  portion  of  North  Carolina 
on  the  3d  to  the  6th.  The  Cape  Fear,  at  Fayetteville,  reached  its  highest  point,  34.4 
feet,  on  the  7th,  while  the  Roanoke  was  not  influenced  in  the  slightest  degree. 

The  distance  from  Danvilleto  Clarksville,  Ya.,  is  56  miles;  from  Clarksville  to 
Weldon,  N.  C,  is  65  miles.  If  heavy  rains  occur  at  the  head  waters  of  the  river  Dan, 
the  highest  stage  at  Clarksville  is  reached  twenty-four  hours  after  the  waters  begin 
to  subside  at  Danville ;  if  the  rains  extend  into  Virginia  over  the  drainage  area  of 
the  Staunton,  the  highest  stage  is  usually  attained  at  Danville  and  Clarksville  on 
the  same  day.  The  river  then  reaches  the  full  flood  at  Weldon  within  about  foH^^- 
eight  hours. 

Sj  Hi.  Haubicb  GomnLU  Oftjp'mr. 

The  Saorameato  River  when  flooded  is  very  turbulent.  The  watershed  may  be 
divided  into  two  seetioiiB,  with  -Hie  dividing  line  at  or  near  Redbltf.  The  sur- 
rounding lowland  of  the  southern  section  was  once  the  bed  of  an  inland  sea;  and, 
l^eographically  speaking,  is  of  recent  formation.  The  northern  section  has  a  more 
elevated  position,  is  of  a  rocky  or  gravelly  formation,  the  valley  more  contracted, 
and  the  gradient  steeper.  The  bed  of  the  river  throughout  the  whole  southern  sec- 
tion is  being  constantly  elevated  by  deposits,  while  the  bed  in  the  northern  section 
is  beiog  lowered  by  erosion.  It  is  evident,  therefore,  that  the  danger  from  overflow 
to  lands  of  the  southern  section  is  becoming  greater,  while  with  the  southern  section 
it  is  lessening.  The  "  danger  line  **  twenty  years  ago  is  not  the  >'  danger  line  "  to-day. 
The  watershed  of  the  upper  Sacramento  is  nearly  10,000  square  miles.  Within 
the  greater  part  of  this  area  the  winter  snows  accumulate.  If  this  is  suddenly 
converted  into  water,  the  greatest  ganger  from  .floods  in  the  Sacramento  is  to  be 
apprehended. 

At  Redbluff  greAt  an4  sudden  rises  occur  generally  with  periods  of  protnK^ted 
rains  in  the  valley,  but  iis  soon  as  the  rain  ceases  the  river  falls  as  suddenly  as  it 
rose.    No  great  danger  need  be  apprehended  on  these  occasions. 

It  is  when  protracted  warm  rains  in  the  snow-oovered  mountains  tributary  to  the 
Upper  Saoramento  system  oeonr  that  damaging  floods  prevail  tiiroughont  tiie  whole 
valley. 

It  is  estimated  that  within  the  last  thirty  years  not  less  tiian  $6,000,000  worth  of 
property  has  been  destroyed  by  floods  in  the  Sacramento  Yalley. 

For  the  purpose  of  flood  wamlnss,  there  .phould  be  a  station  established  some- 
where in  the  snow  rcigions  tribni;^ry  to  t^e  .npper  Sacramento  River  and  a  g^uge 
station  put  in  at  the  mouth  of  the  Pit  River.  With  these  precautions  taken,  the 
people  could  have  warnings  from  thirty-six  to  forty-eight  houzB  in  advance.  This 
would  give  ample  time  to  look  up  and  repair  defects  in  the  levees,  which  are  being 
oontinuously  bored  by  squirrels  and  gophess.  Owing  to  the  nature  of  the  soil  in  the 
levee  eeotions,  once  the  water  passes  through  a  gopher  hole,  there  is  no  stepping  it; 
hence  the  importance  of  warnings. 
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SACBAMEmrO,  CAXi. 

By  Mr.  Jambs  A.  Babwick,  Obierver. 

The  levees  snrroanding  this  city  will  stand  a  rise  of  30  feet  before  endangering  the 
city.  On  numerous  occasions  lands  which  have  good  and  substantial  levees  on  their 
river  fronts  have  been  submerged  by  back  water  from  the  breaking  of  the  levees 
either  above  or  below  their  places.  If  the  levees  were  continuous  from  Redbluff  to 
Sacramento  and  below,  it  would  be  an  easy  matter  to  predict  the  river  stages  at  this 
and  other  points  lower  down  the  river;  but  as  the  levee  system  is  at  present,  a  rise 
of  10  to  15  feet  in  a  few  hours  at  Redbluff  would  scarcely  be  felt  or  noticed  at  Sac- 
ramento. As  the  great  watershed  of  the  upper  Sacramento  pours  its  drainage  into 
the  Sacramento  River,  the  water  spreads  over  the  low  tule  lands  by  way  of  the 
numerous  sloughs  and  by  overtopping  the  slightly  built  levees.  Had  this  water 
been  confined  to  the  river  proper,  it  would  have  caused  a  considerable  rise  at 
Sacramento. 

The  sudden  rises  at  this  point  come  from  the  American  River,  whose  mouth  is  only 
a  mile  above  the  city,  while  the  stream  is  both  short  and  steep,  and  therefore  the 
water  reaches  Sacramento  with  a  rush  and  raises  the  Sacramento  stream  rapidly. 
The  water  recedes  as  quickly.  But  when  the  Sacramento  is  high  from  continuous 
rains  over  the  entire  watershed  of  northern  and  central  California,  and  heavy  rains 
occur  on  the  head  waters  of  the  American  River,  raising  that  stream  quickly,  danger 
is  then  to  be  apprehended  in  this  city  until  the  American  can  discharge  its  supply 
of  water. . 

DATA  FROM  THE  REPORT  OF  A.  H.  ROSE,  COMBilSSIONBR  OF  PUBLIC  WORKS,  1895. 

In  the  floods  of  1853  and  1862,  the  Sacramento  River  water  extended  a  broad  expanse 
from  the  Sutter  Fort  site,  in  Sacramento,  westward  to  Davisville,  standing  3  feet 
deep  across  the  natural  river  banks  at  and  near  Sacramento.  The  steamer  course 
from  Stockton  to  San  Francisco  was,  during  the  latter  flood,  a  direct  line  across 
country  from  Rough  and  Ready  Island  to  Antioch. 

During  the  high  water  of  March,  1879,  the  lowlands  of  the  Sacramento  Valley,  to 
the  extent  of  847  square  miles,  were  covered  with  water.  This  area  includes  all 
'flooded  for  a  short  period  of  time,  as  well  as  that  upon  which  the  water  rested  for 
several  months.  Above  the  mouth  of  Feather  River,  in  what  may  be  called  the 
upper  flood  region,  the  area  covered  was  about  483  square  miles ;  and  below  that 
point,  in  what  is  called  the  lower  flood  region,  the  flooded  area  was  about  364  square 
miles  in  extent. 

The  maximum  ^ow  of  tne  Sacramento  ^iver  would  have  been — 

Co.  ft  per  seoond. 

At  Redbluff 133,000 

At  Colusa 89,000 

At  (above)  Feather  River 83,000 

At  (above)  American  River 136,000 

At  Sacramento 162,000 

A  similar  study  of  the  condition  which  prevailed  in  January,  1894,  when  the  river 
at  Redbluff,  on  January  15,  rose  4  feet  higher  than  in  March,  1879,  leads  to  the 
following  result : 
The  maximum  flow  would  have  been — 

Cn.  ft  per  Aecond. 

At  Redbluff 152,000 

At  Colusa 92,900 

At  (above)  Feather  River 87,000 

At  (above)  American  River 136,000 

At  Sacramento 156^000 
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But  the  high  water  of  January,  1894,  did  in  fact  cause  a  maximum  discharge  at 
Sacramento  of  only  about  54,000  cubic  feet  per  second.  The  river  rose  only  to  21.5 
feet  on  the  Sacramento  Hiver  rod.  Had  all  the  water  been  confined  to  the  channel, 
none  escaping  to  any  of  the  basins,  the  water  at  Sacramento  would  have  been  far 
higher  than  of  the  great  floods  of  the  past. 

That  the  water  surface  in  1894  at  Sacramento  was  lower  than  that  of  March,  1879, 
is  explained  by  the  fact  that  in  the  one  case  the  several  flood  basins  were  well  filled 
with  water;  in  the  other  way  they  were  practically  empty  at  the  commencement  of 
the  rise,  and  were  therefore  practically  efficient  in  retarding  the  passage  of  the  flood 
wave  down  the  valley.  The  highest  stag^  at  Sacramento  was  not  reached  until 
January  21. 

ST.  LOUIS,  MO. 

By  Mr.  H.  C.  Frankkkfibld,  Local  Forecast  OjJIeial. 

The  drainage  areas  of  the  principal  Missouri  River  tributaries  are  given  below. 
Of  the  rainfall  which  occurs  in  the  Missouri  Basin  only  15  per  cent  finds  its  way  into 
the  river,  the  remainder  being  taken  up  by  dry  winds  and  absorptive  sandy  soils; 
while  in  the  Upper  Mississippi  and  Ohio  basins  the  percentage  is  24. 

The  tributary  eflcct  is  very  uncertain,  as  it  depends  upon  the  stages  of  water  in 
the  different  rivers  affected.  If  the  receiving  stream  is  at  the  high- water  stage  the 
effects  of  a  rise  in  the  tributary  streams  would  be  totally  different  from  those  pro- 
duced when  the  receiving  stream  is  low.  Consequently  the  figures  given  below  are 
largely  estimated,  and  represent  what  are  considered  only  as  average  effects. 

The  tributary  effect  upon  the  Missouri  River  within  the  State  of  Missouri  is  very 
considerable  at  times.  The  tributaries  of  importance  and  their  respective  drainage 
areas  are  as  follows:  On  the  north  side,  the  Grand  River,  7,826  square  miles;  Charl- 
ton River,  3,156  square  miles;  on  the  south  side,  the  Black  River,  2,732  square  miles; 
La  Mine  River,  2,700  square  miles;  Osage  River,  15,200  square  miles,  and  the  Gas- 
conade River,  3,800  square  miles.  The  first  four  of  these  rivers  discharge  into  the 
Missouri  between  Kansas  City  and  Boonville,  and  the  amount  of  their  effect  can  not 
be  estimated  to  within  a  reasonable  degree  of  accuracy  on  account  of  the  absence  of 
the  Weather  Bureau  gauges  at  or  near  their  mouths.  Their  additions  to  the  main 
stream  are  evidently  not  quite  as  large  as  those  of  the  rivers  east  of  Boonville, 
especially  those  of  the  Chariton  and  Grand  rivers  on  the  north  side.  These  drain  a 
region  over  which  the  average  rainfall  is  several  inches  less  than  that  of  the  region 
south  of  the  Missouri,  and  they  consequently  furnish  less  water ;  the  Grand  River 
furnished  the  major  part.  The  tributaries  east  of  Boonville — the  Osage  and  Gas- 
conade—drain a  considerably  larger  area,  and  flow  through  a  region  which  is  favored 
in  the  matter  of  rainfall  when  compared  with  the  north  half  of  the  State.  The 
effects  of  rises  in  these  two  rivers  appear  as  a  deflection  on  the  Hermann  gauge,  the 
normal  gauge  relations  between  Boonville  and  Hermann  being  disturbed.  About 
one-eighth  of  the  amount  of  a  rise  at  Bagnell,  on  the  Osage,  would  appear  as  an 
abnormal  increase  on  the  Hermann  gauge  about  two  days  later,  and  the  same  pro- 
portion is  about  correct  for  the  Gasconade  based  upon  the  stage  at  Arlington,  the 
rise  reaching  Hermann  in  about  one  and  one-half  days.  Although  the  area  drained  by 
the  Gasconade  is  small,  the  descent  to  the  river  basin  is  sharp,  and  it  receives  water 
very  rapidly,  and  in  much  greater  quantity,  comparatively,  than  in  more  level 
regions. 

The  principal  tributaries  of  the  Mississippi  River  between  Davenport  and  St. 
Louis  are  the  Des  Moines,  Dlinois,  and  Missouri  rivers.  The  Des  Moines  River  does 
not  contribute  any  considerable  volume  to  the  Mississippi,  and  the  effect  on  the 
Warsaw  gauge  at  high  water  would  probably  not  amount  to  more  than  one-eighth 
or  one-sixth  of  a  rise  just  above  its  mouth.  The  effect  of  the  Illinois  River  upon  the 
main  stream  is  somewhat  greater,  but  the  absence  of  a  sufficient  number  of  observa- 
tions at  Grafton,  111.,  prevent  an  accurate  estimate  at  this  time. 


102 

The  greatest  amount  of  water  eontriboted  to  the  MiBsisaippi  River  eomes  from  the 
MiMonriy  and  it  Ib  the  controlling  fSootor  in  floods  below  Alton,  lU.  Of  the  water 
which  passes  St.  Louis  the  Missouri  probably  contributes  from  about  56  to  60  per 
cent  at  a  13-foot  stage,  and  from  about  67  to  70  per  cent  at  a  20-foot  stage.  That 
is  of  course  assuming  that  the  stages  in  the  two  rivers  are  approximately  aliice.  The 
greatest  floods  occur  at  St.  Louis  when  both  rivers  are  at  a  flood  height  at  the  same 
time.  Fortunately  this  condition  of  affairs  is  quite  inf^equent|  having  occurred  but 
I6ur  times  during  the  past  fiity-one  years,  namely  in  1844, 1851, 1858,  and  not  again 
until  1892.  In  1844  the  highest  recorded  stage,  41.4  feet,  occurred.  The  floods  from 
the  Missouri  River  as  a  rule  occur  later  than  those  from  the  Mississippi.  Of  these 
the  greatest  occurred  in  1883  and  1892. 

In  the  Missouri  River  Basin  during  extreme  low-water  rainfalls  of  an  inch  or  less 
produce  little  or  no  effect  upon  the  river,  for  what  the  soil  does  not  take  up  is 
absorbed  by  the  sand  in  the  river.  This,  of  course,  is  true  of  only  a  single  rainfiJl. 
A  second  and  third  in  close  succession  would  produce  the  usual  rise. 

The  scarcity  of  gauges  on  the  Missouri  River,  and  the  absence  of  discharge  figures 
from  a  sufficient  number  of  places  on  both  rivers,  prevent  more  accurate  deductions, 
and  more  or  less  interfere  with  the  accuracy  of  forecasts.  Hydrographs  have  not 
been  found  to  be  of  much  service. 

In  the  vicinity  of  St.  Louis,  on  both  sides  of  the  river,  there  is  no  danger  of  dam- 
age by  water  up  to  a  30-foot  stage.  Practically  everything  is  protected  up  to  a  34-foot 
stage  on  both  sides,  with  the  following  exceptions :  Even  as  low  a  stage  as  20.2  feet 
on  the  St.  Louis  gauge  will  cause  the  water  to  run  into  the  marshes  on  the  Illinois 
side  below  the  East  St.  Louis  Waterworks,  but  with  no  resulting  damage,  and  a 
32-foot  stage  will  cause  the  backwater  in  the  Cahokia  Creek  to  overflow  its  banks 
and  cover  the  lowlands  to  the  south  and  east  of  St.  Louis. 

At  Warsaw,  111.,  the  new  levee  protects  everything  up  to  an  18-foot  stage  on  the 
niinois  side,  while  on  the  opposite  side  about  14  feet  on  the  Warsaw  gauge  will 
cause  an  overflow  in  the  Des  Moines  River  bottoms. 

At  Hermann,  Mo.,  while  the  danger  line  is  at  21  feet,  at  which  stage  the  upper 
bottoms  are  submerged,  at  a  16-foot  stage  some  of  the  lower  bottoms  are  submerged. 
I  would  also  respectfully  invite  attention  to  the  following  remarks  concerning  the 
Hermann  gauge,  being  an  extract  from  the  report  of  the  Missouri  River  Commission 
for  1894  (Appendix  Y  Y  of  the  Annual  Report  of  the  Chief  of  Engineers  for  1894) : 
"The  zero  elevation  of  the  Weather  Bureau  gauge  at  Hermann  is  at  present  71.23 
(above  St.  Louis  directrix) ;  but  this  value  only  holds  good  up  to  the  13-foot  stage, 
above  which  the  gauge  is  wrongly  graduated,  each  foot  recorded  being  actually  equal 
to  0.876.  According  to  the  rule  adopted  by  the  Commission,  the  Hermann  gauge 
should  read  frt>m  a  zero  of  68.35.  The  zero  of  this  gauge  has  not  been  kept  constant, 
having  been  as  low  as  67.34  previous  to  1886,  when  it  was  changed  to  its  present 
elevation.^  I  would  suggest  that  in  future  publications  the  zero  of  this  gauge  be 
given  as  68.35  feet  above  St.  Louis  City  directrix,  in  accordance  with  the  above, 
instead  of  71.7  feet,  and  that  a  correction  of  2.88  feet  be  applied  to  future  readings 
up  to  the  13-foot  stage,  and  a  correspondingly  larger  one  above  that  stage  until 
the  gauge  can  be  repaired.  This  can  probably  be  done  during  the  next  month  if 
the  water  is  sufficiently  low.  The  error  above  the  13- foot  stage  probably  arose  from 
the  fact  that  the  gauge  was  graduated  to  inches,  approximately,  instead  of  to  tenths 
of  feet  when  it  was  placed  in  position  some  years  ago. 

A  new  water  record  was  made  at  St.  Louis  on  January  27, 1895,  when  a  stage  of 
0.7  foot  was  observed. 

A  brief  description  of  the  system  of  river  forecasting  in  use  at  this  station  may 
be  of  some  Interest.  The  system  is  the  one  elaborated  and  perfected  by  Mr.  James 
A.  Seddon,  assistant  engineer  of  the  Missouri  River  Commission,  to  whom  I  am 
indebted  for  much  valuable  information  concerning  the  Missouri  River.  The  system 
was  also  used  last  year  by  Mr.  Hammon,  and  is  as  follows :  To  determine  the  gauge 
relations  between  any  two  points  on  the  same  river,  take  a  piece  of  cross-section 
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paper,  let  the  perpendionlar  scale  of  ordinates  represent  the  gauge  readings  at  the 
upper  station,  and  the  horizontal  scale  or  abscissas  the  lower  station.  The  time 
interval  of  the  water  between  the  two  is  of  course  known.  Let  us  assume  the  time 
to  be  one  day.  Find  the  point  on  the  cross-seotion  paper  corresponding  to  the 
gauge  reading  at  the  upper  station  on  the  first  day  of  the  month,  and  that  of  the 
lower  on  the  seeond  day ;  then  find  the  point  for  the  second  day's  reading  at  the 
upper  station,  and  the  third  day  at  the  lower  one,  and  so  on,  oonneoting  each  two 
points  by  a  line,  a  black  line  for  a  rising  and  a  red  line  for  a  falling  river.  Let  thie 
be  done  each  day  for  a  year,  and  then  a  diagonal  straight  line  of  rise  and  fall  can 
be  drawn,  along  which  the  stages  of  the  two  rivers  will  invariably  meet,  if  there  is 
no  tributary  effect  between  the  two  and  no  heavy  local  rainfall  at  the  lower  station. 
This  diagonal  line  should  be  a  minimum  line;  that  is,  one  affected  by  the  river 
itself  without  tributary  or  rainfall  influence.  If  lines  are  drawn  for  a  series  of 
years,  a  mean  line  can  be  obtained  which  will  give  better  results.  With  the  mean 
line  once  obtained,  forecasts  are  made  as  follows:  If  the  stations  are  one  day  apart, 
as  Keokuk  and  Hannibal  on  the  example  inclosed,  find  the  point  eorresponding  to 
the  first  day's  reading  at  the  upper  station,  or  the  ordinate,  and  the  second  day's  read- 
ing at  the  lower  one,  or  the  abscissa.  Then  find  the  ordinate  corresponding  to  the 
second  day's  reading  at  the  upper  station,  and  trace  it  horizontally  until  a  point  on 
the  abscissa  is  reached,  which,  if  connected  with  the  point  first  determined,  will 
make  a  line  parallel  with  the  mean  line.  This  point  on  the  abscissas  will  be  the 
reading  of  the  gauge  at  the  lower  station  on  the  third  day,  or  one  day  in  advance. 
If  several  upper  stations  are  used  in  turn,  an  accurate  forecast  for  four  or  five  days 
in  advance  can  be  made,  unless  heavy  rains  intervene.  Tributary  and  rainfall 
effects  produoe  a  prolongation  of  the  abscissas,  and  must  be  estimated  as  closely  as 
INwsible.  By  this  system  stages  can  be  forecasted  to  within  one  or  two  tenths  of  a 
foot  for  several  days  in  advanoe« 

The  system  is  exemplified  on  the  accompanying  chart  (see  fig.  3)  the  Keokuk  and 
Hannibal  mean  line  being  used  with  one  day  interval. 

On  accoant  of  the  proximity  of  the  mouth  of  the  Missouri  to  St.  Louis,  a  combina- 
tion of  discharge  figures  with  gauge  relations  at  Hermann  and  Grafton  is  used  in 
forcasting  the  stages  at  St.  Louis,  and  forecasts  are  made  for  a  period  of  four  days 
in  advance. 

The  time  intervals  between  the  stations  in  this  district  are  approximately  as 
follows: 

Mi$H»9i!ppi  Biver, — Davenport  to  Keokuk,  2^  days;  Hannibal  to  Grafton,  2  days; 
Keokuk  to  Hannibal,  1  day ;  Grafton  to  St.  Louis,  1  day. 

Missouri  Biver, — Kansas  City  to  Boonville,  1.5  to  2  days;  Bagnell  to  Hermann,  2 
days ;  Hermann  to  St.  Louis,  1  day ;  Boonville  to  Hermann,  0.7  to  1  day ;  Arlington 
to  Hermann,  li  days. 

ST.  PAITIi,  MINN. 

By  Mr.  P.  7.  Ltoks,  Loeal  Foreeatt  Ofiieitil, 

The  Mississippi  River  at  St.  Paul  is  made  up  of  its  own  water  and  that  of  the 
Minnesota  River,  the  mouth  of  the  latter  being  about  7  miles  above.  Both  streams 
are  practically  within  the  boundaries  of  this  State.  The  Mississippi,  having  its 
source  in  the  northern  part,  has  the  greater  watershed,  which  is,  according  to  the 
latest  determination  of  the  United  States  Engineer  Corps,  19,730  square  miles.  The 
elevation  of  its  head  water,  Lake  Itaska,  according  to  Minnesota  State  surveys,  is 
1,457  feet  above  sea  level.  It  drains  the  timbered,  lake,  and  marsh  regions.  The 
Minnesota,  with  a  watershed  of  16,350  square  miles,  pare  of  which  is  the  Dakotas, 
has  its  source  practically  in  Big  Stone  Lake,  at  an  elevation  of  962  feet,  and  drains 
the  prairie  and  rolling  portions  of  Minnesota  and  the  westerly  adjoining  State  of 
South  Dakota. 

The  accumulation  of  snow  and  ice  during  winter  is  the  main  cause  of  floods  in 
these  streams,  and  they  usually  occur  in  from  twelve  to  thirty  days  after  the  break- 
ing up  of  ice,  or  the  opening  of  the  river,  the  average  date  April  1.    As  a  rule,  about 
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the  time  of  *^  opening''  a  marlced  rise  is  observed;  it  continues  to  about  the  middle, 
and  occasionally  to  the  end,  of  April,  bnt  the  latter  is  exceptional ;  generally  the 
crest  of  the  rise  is  felt  abont  the  middle  of  that  month ;  bnt  should  the  rainy  sea- 
son set  in  early  in  April,  and  be  rather  heavy  and  continue  over  to  May,  the  danger  of 
an  overflow  will  not  only  be  considerably  increased,  but  its  duration  will  be  extended 
to  May.  From  the  records,  and  by  comparisons,  it  la  found  that  the  most  potent  fac- 
tors in  promoting  dangerous  floods  are  as  follows :  An  unusually  wet  fall,  as  to  fill  up 
lakes  and  other  water  storage  places,  then  a  severe  freeze,  a  long  and  steady  winter 
with  considerable  and  steadily  accummulating  snow.  Such  conditions  are  on  record 
for  1880  and  1881,  and  the  greatest  flood  on  record  resulted  in  April,  1881,  and  almost 
solely  by  the  liberation  of  the  ice  and  snow  bound  waters  of  the  preceding  winter, 
for  the  rainfall  that  spring  was  very  light. 

On  the  contrary,  January  thaws,  which  are  not  uncommon,  and  February  and 
early  March  thaws,  which  are  frequent,  tend  to  prevent  flood.  Clear  to  fair  and 
very  dry  weather,  and  it  is  unusually  dry  when  clear  in  early  spring— or  "breaking 
up  time,''  as  it  is  familiarly  called — is  also  a  mitigating  condition,  as  under  such  con- 
ditions a  vast  amount  of  snow  is  carried  away  by  the  high  evaporating  power  of  the 
air;  this  especially  true  for  the  watershed  of  the  Minnesota  River.  During  the 
*< spring  rise"  the  water  from  the  Minnesota  can  generally  be  detected  here  by  the 
muddy  and  turbulent  action.  When  these  signs  subside  and  the  river  continues  high 
or  rising,  it  may  be  concluded  that  the  Mississippi  is  rising  and  that  the  Minnesota 
is  falling.  There  are  no  observations  whatever  made  of  either  stream  above  here, 
and  nothing  reliable  can  be  learned  as  to  their  condition.  A  large  volume  of  water 
liberated  firom  near  the  head  waters  of  the  Minnesota  is  usually  felt  here  in  from  five 
to  eight  days,  and  one  from  about  the  source  of  the  Mississippi,  in  from  seven  to  ten 
days.  Freeh  to  brisk  north  to  northwest  winds  tend  to  accelerate  and  hasten  the 
arrival  here  of  a  rise,  and  conversely  as  to  wind,  etc. ;  however,  during  the  snow- 
melting  time  counter  results  are  probable,  inasmuch  as  winds  in  former  instances 
are  liable  to  be  cold  and  tend  to  check  "  thaw,"  while  southerly  winds  are  usually 
the  reverse. 

SIOUX  CITY,  IOWA. 

By  Mr.  U.  G.  Pubskll,  Obterver. 

The  Missouri  has  two  annual  rises  or  periods  of  high  water,  the  first  occurring 
usually  in  March,  accompanied  by  the  breaking  up  of  the  ice,  and  resulting  from 
the  spring  freshets,  the  melting  of  snow  in  the  valleys,  and  the  spring  rains,  and  is 
not  likely  to  result  in  much  damage  to  property  unless  ice  gorges  are  formed  of  such 
extent  as  to  back  the  water  out  of  the  channel.  At  the  time  of  the  highest  water 
known  in  the  Missouri  at  this  place,  which  occurred  in  1881,  such  a  gorge  formed  at 
Yankton,  S.  Dak.,  causing  the  water  to  spread  over  the  lowlands  of  Clay  and  Union 
counties,  S.  Dak.  In  this  city  very  little  damage  was  done.  At  the  mouth  of  Perry 
Creek,  where  the  river  gauge  stands,  the  river  kept  within  its  banks,  but  it  covered 
the  flats  in  the  lower  part  of  the  city  with  backwater,  having  but  very  little  cur- 
rent and  doing  but  little  damage.  At  the  present  time  that  section  of  the  city  is 
covered  with  houses,  and  the  stage  of  water  would  cause  serious  inconvenience  to  a 
large  number  of  people,  though  little  property  would  be  carried  away  or  destroyed. 

The  second  annual  rise  occurs  in  June  or  the  first  days  of  July,  and  is  commonly 
known  as  the  "June  rise."  It  is  believed  to  result  largely  from  the  melting  of  the 
snow  in  the  mountains,  but  the  rainfall  of  May  and  June,  being  usually  the  heaviest 
monthly  rainfalls  of  the  year  in  this  section,  must  contribute  a  large  part  of  the 
water  in  the  June  rise.  A  very  close  estimate  of  the  water  in  the  June  rise  can  be 
made  by  considering  the  amount  of  accumulated  snow  in  the  mountain  districts 
with  the  spring  temperatures.  Variable  temperatures  allow  the  snow  water  to 
drain  off  gradually,  while  steady  high  temperatures  bring  it  down  with  a  rush. 

The  principal  tributaries  of  this  section  of  the  Missouri  are  the  Big  Sioux,  Ver- 
million, Dakota,  Grand  Owl,  Cheyenne,  Bad,  ^Vhite,  Niobrara,  Floyd,  Little  Sioux, 
and  Maple  rivers.    The  most  destructive  flood  in  the  history  of  this  city  was  that  of 
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May  18,  1892,  in  wMoh  the  water  came  entirely  from  the  Floyd  River,  the  Missonri 
ahowing  but  a  slight  rise  from  the  water  emptied  into  it  at  this  time. 

From  past  experience  it  would  appear  that  the  danger  to  life  and  property  at  this 
place  is  greater  from  a  flood  in  the  Floyd  than  from  the  highest  stages  of  water  yet 
reached  in  the  Missonri.  A  very  destructive  flood  occurred  in  the  Little  Sioux  and 
Maple  rivers  June  23,  1891,  far  exceeding  any  previous  occurrence  of  this  kind.  So 
any  of  the  streams  mentioned  above  might  under  certain  conditions  be  converted 
from  a  brook  into  a  mighty  river,  going  beyond  its  banks,  and  filling  the  whole  val- 
ley through  which  it  flows.  This  is  especially  true  of  the  northwestern  Iowa  rivers, 
which  have  narrow  valleys,  and  which  drain  a  nearly  treeless  region,  with  numerous 
small  branches  which  deliver  the  wat>ev  of  a  heavy  rain  or  a  melting  snow  quickly 
to  the  main  stream. 

VICKSBITBG,  MISS. 

By  Mr.  K.  J.  Htatt,  Local  Fortcatt  Official. 

The  most  prominent  feature  of  the  work  at  this  station  consists  in  forecasting  the 
approach  of  high  water  when  dangerous  stages  of  the  river  are  anticipated  and 
crevasses  in  the  levees  are  feared.  In  order  to  forecast  intelligently  it  is  necessary  to 
calculate  the  changes  in  the  upper  streams  (in  connection  with  the  amount  of  pre- 
cipitation), including  the  Ohio  and  its  tributaries,  the  Missonri,  the  Upper  Missis- 
sippi, the  St.  Francis,  the  White,  the  Arkansas,  and  the  Yazoo  rivers. 

The  principal  rises  in  the  Lower  Mississippi  come  out  of  the  Ohio,  and  require 
about  six  days  en  route  from  Cairo  to  Yicksburg,  four  days  from  Memphis,  three  days 
from  Helena,  and  two  days  from  Arkansas  City.  A  rise  from  the  Arkansas  at  Fort 
Smith  requires  about  the  same  time  to  reach  Yicksburg  as  a  rise  at  Cairo,  about  six 
days,  and  four  days  from  Little  Rock.  A  rise  from  the  White  River  at  Newport  takes 
about  four  days  to  reach  Yicksburg,  and  a  rise  from  the  Tazoo  at  Tazoo  City  about 
one  day. 

The  St.  Francis  River  and  basin  complicate  the  river  situation  considerably  between 
Helena  and  Yicksburg,  acting  as  a  reservoir  for  the  water  during  high  stages,  and 
holding  the  river  at  high  water  some  tim^  after  a  fall  is  reported  above  Helena  by 
pouring  an  immense  volume  of  water  into  the  river  at  Helena,  and  forming  a  partial 
dam  at  that  point,  retarding  the  flow  of  the  water  in  the  Mississippi  frt>m  above. 
The  water  fh>m  the  Mississippi  begins  to  run  into  the  St.  Francis  basin  at  a  stage  of 
36  feet  on  the  gauge  at  Helena,  and  29  feet  at  Memphis.  In  a  similar  manner  the 
water  from  the  lower  tributaries  when  high  also  have  the  effect  of  banking  up  the 
river  above  and  holding  it  at  an  abnormal  height,  especially  when  a  rise  in  the  Mis- 
sissippi is  coming  down.  A  little  eflect  is  produced  also  in  the  tributaries  by  a 
decided  rise  in  the  main  river,  which  causes  the  smaller  streams  to  back  up  for  a 
considerable  distance. 

The  rate  of  movement  of  falling  water  is  somewhat  slower  than  the  progress  of 
the  flood  wave.  The  rapid  approach  of  a  severe  cold  wave  following  a  rain  storm 
will  generally  freeze  the  upper  streams  and«  prevent  the  water  reaching  the  main 
river. 

From  the  foregoing  it  will  be  seen  that  a  warning  of  about  one  week  can  be  given 
to  parties  along  the  river  of  an  impending  rise  in  the  Lower  Mississippi,  thus  ena- 
bling them  to  prepare  for  the  flood  in  advance. 

With  the  exception  of  the  St.  Francis,  the  rivers  between  Memphis  and  Yicksburg 
are  navigable.  The  ice  on  the  river  north  of  Yicksburg  caused  a  temporary  sus- 
pension of  navigation  during  the  month  of  February,  1895,  but  it  is  a  very  unusual 
occurrence.  The  bar  at  the  mouth  of  the  Yazoo  River  is  a  very  serious  obstruction 
during  low  water,  and  at  times  completely  closes  the  river  to  navigation  from  the 
Mississippi.  This  obstacle  is  about  to  be  surmounted  by  a  new  channel  to  be  made 
by  the  United  States  Engineer  Office  which  will  turn  the  course  of  the  Yazoo 
River  southward  and  make  it  pass  in  front  of  Yicksburg  through  the  canal  recently 
dredged  firom  Kleinston  about  2  miles  below  the  city,  allowing  the  Yazoo  to  dis- 
charge its  waters  into  the  channel  of  the  Mississippi  at  deep  water,  insuring  naviga- 
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tion  during  the  entiije  year.  Thie  work  is  now  well  under  way  and  it  will  impxoTB 
navigation  of  the  Yazoo  and  change  the  geograi^y  of  this  locality. 

At  the  present  time  Vioksburg  is  not  approachable  by  boat  daring  all  seasons  of 
the  year  from  the  Mississippi  on  aceonnt  of  the  '<cat-ofF''  or  change  in  the  coarse  of 
the  river,  which  necessitates  the  landing  of  eteamboats  at  the  "lower  landing"  at 
Kleinston,  where  the  wharf  boat  is  located.  At  a  stage  of  17  feet  on  the  gange,  on  a 
rising  river,  boats  come  np  to  the  city  front  through  the  canal  or  ''passes''  leading 
to  the  main  river.  The  improvement  in  the  Yazoo  River  mentioned  above  will  also 
afford  Yioksborg  a  deep-water  channel  thronghont  the  year,  allowing  steamboats  to 
teach  the  city  front  at  all  times.  There  are  two  river  gauges  at  Vieksburg,  one  at 
the  elevator  of  the  Anchor  Line^  at  the  fopt  of  Crawford  street^  and  the  other  at 
Kleinston.    The  former  is  only  available  at  stages  of  20  feet  and  over. 

The  lowest  water  on  record  occurred  dusing  the  past  year,  1894,  when  the  river  at 
Vioksburg  fell  to  5.2  feet  below  the  zero  of  the  gauge,  on  November  9  to  14,  inclusive. 
The  highest  water  at  Vioksburg  of  record  is  61.1  feet,  on  April  27, 1862,  making  an 
absolute  range  of  66.3  feet. 

The  river  north  of  Vioksburg  is  inclosed  by  levees,  except  at  the  oonflnenee  of  the 
Yazoo,  Arkansas,  White,  and  St.  Francis.  The  levees  on  the  left  bank,  or  Mississippi 
side  of  the  river,  have  withstood  the  ravages  of  the  floods  during  recent  years,  but 
those  on  tike  right  bank  have  been  broken  by  the  force  of  the  water  and  inundated 
valuable  farm  land  at  considerable  loss  to  planters.  The  damage  to  the  levees,  how- 
ever, has  been  rapidly  repaired,  and  now  bids  fair  to  stand  the  floods  of  future  years. 

Crevasses  in  the  levees  are  caused  by  defects  in  the  construetion  of  the  levee,  craw- 
fish boring  through  the  earthwork,  and  sometimes  by  parties  cutting  the  levee  for 
the  purpose  of  floating  logs  or  to  relieve  the  pressure  on  one  side  of  the  river  by 
cutting  the  levee  on  the  opposite  side.  Flumes  placed  in  the  levee  on  rice  planta- 
tions are  also  fruitful  sources  of  crevasses.  The  levees  are  generally  sodded  for  pro- 
tection against  the  action  of  the  water.  Revetments  are  also  made  for  protecting 
the  levee,  and  planks,  bags  of  earth,  and  burlap  are  used  for  holding  the  embank- 
Kcnt  intact. 

This  office  is  in  daily  communication  by  telephone  with  the  levee  boards  and  engi- 
neer officers  along  the  river  having  supervision  of  the  levees  and  river  work,  and  the 
river  and  weather  reports  are  constantly  consulted  by  all  interested  parties.  The 
river  work  of  the  office  is  greatly  appreciated,  and  the  public  repose  entire  oonfldenoe 
in  the  reports. 

TANKTON,  S.  DAK. 

By  Mr.  H.  O.  B.  SwnrHOS,  Station  AgmL 

The  principal  tributaries  to  the  Missouri  affecting  this  locality  are  the  Nebraska, 
the  Cheyenne,  and  the  White  rivers,  all  of  which  lie  on  the  west  of  the  Missouri 
and  drain  the  Black  Hills  country  in  western  South  Dakota  and  eastern  Wyoming. 
It  is  the  large  quantity  of  melted  snow  brought  down  by  these  and  other  rivers  in 
the  spring  that  causes  the  annual  rise  of  the  Missouri  known  as  the  June  rise. 
Sometimes,  after  a  season  of  excessive  snow  fall  followed  by  sudden  warm  spells  in 
early  spring,  the  heavy  flow  of  melted  snow  and  broken  ice  from  these  rivers  will 
cause  the  ice  in  the  upper  reaches  of  the  Missouri  to  break  up,  while  that  farther 
down  the  river  is  still  intact.  This  is  productive  of  ice  gorges  in  the  narrow  parts 
of  the  river,  at  sharp  bends,  or  where  numerous  sand  bars  occur,  sometimes  to  such 
an  extent  as  to  cause  dangerous  and  destructive  floods.  It  is  generally  supposed 
that  the  upper  Missouri  is  the  source  of  supply  of  the  exteusive  artesian  basin  (or 
series  of  basins)  which  underlies  this  portion  of  the  country.  This  would  seem  to 
be  confirmed  by  the  fact  that  the  pressure  of  our  artesian  wells  is  decreasing  as 
more  borings  are  made,  showing  that  the  supply  is  a  limited  one. 

There  is  an  old  Indian  saying  that  a  cyclone  can  never  occur  between  the  Missouri 
and  the  Jim  (or  Dakota)  rivers,  and  certainly  there  is  no  record  of  one  in  this  sec- 
tion.   The  influence  of  these  rivers  in  this  respect  would  be  an  interesting  study. 
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U.  S.  Department  of  Agriculture, 

Weather  Bureau, 
Washington^  D.  C,  February  1,  1896, 

Sir:  I  have  the  honor  to  transmit  herewith,  with  request  for  author- 
ity to  have  printed  in  pamphlet  form  5,000  copies.  Report  of  the  Pro- 
ceedings of  the  Fourth  Annual  Convention  of  the  American  Associa- 
tion of  State  Weather  Services,  held  in  Indianapolis,  Ind.,  October  16 
and  17, 1895. 

This  report  will  prove  of  interest  to  the  large  number  of  voluntary 
observers  and  others  cooperating  with  the  Weather  Bureau  in  volun- 
tary capacity,  upon  whose  services  the  Bureau  relies  largely  for  data 
used  in  some  of  its  most  important  work.  The  proceedings  of  the  three 
preceding  conventions  have  been  published  by  the  Department,  and 
have  proved  of  much  interest  to  those  cooperating  with  the  Weather 
Bureau. 

Very  respectfully,  Willis  L.  Moore, 

Chief  of  Bureau. 

Hon.  J.  Sterling  Morton, 

Secretary  of  Agriculture. 
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FOURTH  ANNUAL  CONVENTION  OF  THE  AMERICAN  ASSOCIA- 
TION OF  STATE  WEATHER  SERVICES. 


It  was  originally  intended  that  this  association  should  hold  its  meet- 
Jugs  annually  with  the  American  Association  for  the  Advancement  of 
Science,  and  of  the  four  previous  meetings  two  have  been  so  held, 
namely,  the  Eochester  convention  of  1892,  and  the  Brooklyn  conven- 
tion of  1894.  In  1893,  and  again  in  1895,  it  was  found  impracticable  to 
meet  with  the  American  Association  for  the  Advancement  of  Science. 
While  the  meeting  of  1894  was  a  successful  one,  the  small  attendance 
clearly  demonstrated  the  disadvantages  of  holding  the  annual  meet- 
ings in  a  city  not  centrally  located.  As  the  American  Association  for 
the  Advancement  of  Science  met  in  Brooklyn  in  1894,  the  president 
and  executive  committee  were  of  the  opiifion  that  if  the  convention 
were  held  in  Boston  in  1895  the  attendance  would  not  exceed  that  of 
the  Brooklyn  convention,  and  after  carefully  considering  the  matter, 
Indianapolis  was  chosen  as  the  place  of  meeting  for  1895.  As  a  further 
advantage,  it  was  decided  to  hold  the  meeting  of  1895  about  the  middle 
of  October,  after  the  close  of  the  crop  season,  when  it  would  be  more 
convenient  for  the  directors  of  the  several  services  to  leave  their  respec- 
tive stations.  Previous  meetings  had  been  held  in  August.  The  time 
fixed  for  the  convention  was  Wednesday  and  Thursday,  October  16  and 
17,  the  announcement  being  made  on  July  12  by  the  following  letter, 
which  was  addressed  to  all  State  weather  service  officials : 

Announcement  of  Annual  Meeting. 

American  Association  of  State  Weather  Services, 

W€^hingion,  D.  C,  July  IS,  1895, 

Sir:  The  fourth  annnal  convention  of  the  American  Association  of  State  Weather 
Services  wiU  be  held  at  Indianapolis,  Ind.,  Wednesday  and  Thursday,  October  16 
and  17,  1S96.  It  was  the  intention  to  have  the  fonrth  meeting  of  the  association  held 
in  Springfield,  Mass.,  in  conjunction,  as  in  former  years,  with  the  American  Associa- 
tion for  the  Advancement  of  Science,  but  in  view  of  the  fact  that  three  of  the  four 
previous  State  Weather  Services  conventions  have  been  held  in  Eastern  cities,  it  is 
considered  but  fair  to  the  directors  of  the  services  in  the  central  and  western  por- 
tions of  the  country  that  a  place  of  meeting  for  this  year's  convention  be  selected 
that  could  be  more  conveniently  and  economically  reached.  Many  of  the  directors, 
in  replying  to  the  letter  of  April  22  from  the  president  of  the  association,  in  which 
it  was  proposed  to  meet  in  San  Francisco,  expressed  preference  for  some  city  in  the 
central  portion  of  the  country,  and  it  is  believed  that  in  the  selection  of  Indianapolis 

the  wishes  of  a  majority  of  the  directors  will  be  met. 
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The  Chief  of  the  Bureau  is  anxious  that  the  forthcoming  meeting  shall  be  a  suc- 
cessful one,  and  authorizes  me  to  say  that  as  the  object  of  these  conventions  is  to 
increase  the  usefulness  of  the  Bureau,  permission  to  attend  the  convention  will  be 
granted  all  Weather  Bureau  officials  on  State  weather  service  work,  the  necessary 
absence  not  to  be  charged  against  annual  leave. 

Information  as  to  hotel  accommodations  and  the  building  in  which  the  convention 
will  be  held  will  be  announced  later. 

Yon  are  respectfully  requested  to  forward  to  the  secretary  as  soon  as  convenient  a 
list  of  topics  for  consideration  of  the  president  of  the  association  in  the  preparation 
of  the  programme  of  subjects  to  be  discussed  at  the  coming  meeting. 

Papers  upon  topics  of  interest  to  State  weather  services  are  solicited,  and  if 
authors  of  such  articles  as  may  be  prepared  find  it  impracticable  to  attend  the  con- 
vention they  are  requested  to  forward  to  the  secretary  any  paper  that  may  be 
prepared. 

Please  advise  the  secretary  as  early  as  practicable  as  to  whether  it  is  your  inten- 
tion to  attend  the  convention. 

Very  respectfully,  H.  H.  C.  Dun  woody, 

President, 

The  wisdom  of  selecting  Indianapolis  as  the  convention  city  and 
delaying  the  time  of  meeting  till  after  the  close  of  the  crop  season  was 
clearly  shown  by  the  attendance,  which  was  by  far  the  largest  of  any 
meeting  held  since  the  organization  of  the  association.  The  directors  of 
30  of  the  42  organizations  were  present.  Indiana,  Iowa,  and  l^ebraska 
were  represented  by  both  the  State  director  and  Weather  Bureaa  assist- 
ant. Besides  the  aforementioned,  there  were  present  Prof.  Willis  L. 
Moore,  Chief  of  the  Weather  Barean;  Maj.  H.  H.  0.  Dunwoody,  assist- 
ant chief  of  the  Barean  and  president  of  the  association,  and  Mr.  James 
Berry,  secretary  and  treasurer,  and  chief  of  the  State  weather  service 
division  of  the  Weather  Bureau. 

After  correspondence  with  the  various  State  service  officials  and 
securing  their  suggestions  as  to  the  subjects  to  be  discussed,  the  fol- 
lowing programme  was  adopted : 

TOPICS   FOR  DISCUSSION. 

1.  How  best  to  secure  and  retain  the  services  of  voluntary  observers. 

2.  What  can  be  done  to  improve  weekly  weather  crop  bulletins  and  increase  their 
value?    What  interests  are  being  served  by  these  pablioations? 

(a)  Should  not  selected  voluntary  observers  be  given  authority  to  telegraph  State 
centers  reports  of  rainfall  or  otlier  important  information  on  the  afternoon  preceding 
date  of  issae  of  crop  bulletins;  thereby  giving  data  for  a  State  rainfall  chart  f 

(h)  Best  means  for  the  collection  of  data  and  best  form  of  publication  and  distri- 
bution. 

3.  Monthly  publication  of  State  weather  services. 

(a)  Form  of,  publication. 

(b)  Importance  of  prompt  issue, 
(o)  Character  of  information. 

(d)  Uniformity  in  style. 

(e)  Preservation  in  convenient  form  for  reference  of  the  most  important  data  from 
voluntary  observers'  records. 

4.  Distribution  of  forecasts  and  special  warnings. 

y,a)  Cau  any  improvement  be  made  in  the  present  system  of  forecast  distributionf 
(h)  Should  flags  be  displayed  to  represent  forecasts  for  the  current  day? 
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(c)  Can  forecasts  be  given  wider  dissemination  in  rnral  districts,  and  what  can  be 
done  to  prove  the  value  of  forecasts  in  sections  where  they  are  not  utilized  f 

(d)  Should  not  forecasts  be  telegraphed  to  daily  papers  of  small  cities  to  avoid  use 
of  obsolete  forecasts  given  in  plate  matter  used  in  ''make  up?" 

(e)  Value  of  the  logotype  system. 

5.  Equipment  and  inspection  of  voluntary  stations.    Importance  of  Instrument 
shelters. 

6.  Along  what  lines  can  special  investigations  be  undertaken  by  State  weather  ser- 
vices with  best  results?  ' 

WEATHER  SEEVIOE  OFFICIALS  Ain>  OTHEBS  IN  ATTENDANCE. 

F.  P.  Chaffee,  local  forecast  official,  Montgomery,  Ala. 
F.  H.  Clark,  local  forecast  official,  Little  Rock,  Ark. 
James  A.  Barwick,  observer,  Sacramento,  Cal. 

F.  H.  Brandenbarg,  observer,  Denver,  Colo. 
A.  J.  Mitchell,  observer,  Jacksonville,  Fla. 

D.  P.  McCallum,  observer,  Idaho  Falls,  Idaho. 
C  E.  Linney,  observer,  Chicago,  111. 

Prof.  H.  A.  Huston,  Purdue  University,  Lafayette,  Ind. 

C.  F.  R.  Wappenhans,  local  forecast  oflicial,  Indianapolis,  Ind. 

G.  M.  Chappel,  local  forecast  official,  Des  Moines,  Iowa. 
T.  B.  Jennings,  observer,  Topeka,  Kans. 

Frank  Burke,  local  forecast  official,  Louisville,  Ky. 
R.  E.  Kerkam,  local  forecast  official.  New  Orleans,  La. 
C.  F.  Schneider,  observer,  Lansing,  Mich. 

E.  A.  Beals,  observer,  Minneapolis,  Minn. 

R.  J.  Hyatt,  local  forecast  official,  Vicksburg,  Miss. 

A.  E.  Hackett,  observer,  Columbia,  Mo, 

Prof.  G.  D.  Swezey,  University  of  Nebraska,  Lincoln,  Nebr. 
G.  A.  Loveland,  observer,  Lincoln,  Nebr. 

E.  W.  McGann,  observer,  New  Brunswick,  N.  J. 
H.  B.  Hersey,  observer,  Santa  Fe,  N.  Mex. 

R.  M.  Hardinge,  observer,  Ithaca,  N.  Y. 

B.  H.  Bronson,  observer,  Bismarck,  N.  Dak. 
H.  W.  Richardson,  observer,  Columbus,  Ohio. 
J.  I.  Widmeyer,  observer,  Oklahoma,  Ok  la. 
T.  F.  Townsend,  observer,  Philadelphia,  Pa. 

S.  W.  Glenn,  local  forecast  official,  Huron,  S.  Dak. 

H.  C.  Bate,  inspector,  Nashville,  Tenn. 

I.  M,  Cline,  local  forecast  official,  Galveston,  Tex. 

G.  N.  Salisbury,  observer,  Seattle,  Wash. 

H.  L.  Ball,  observer,  Parkersburg,  W.  Va. 

C.  M.  Strong,  local  forecast  official,  Milwaukee,  Wis. 

There  were  present  the  following-named  voluntary  observers  and 
forecast  displaymen : 
B.  F.  Hole,  Butlerville,  Ind. 

F.  G.  Erskine,  Pleasant  Ridge  Park,  Ky. 
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There  were  also  present  local  forecast  officials,  H.  C.  Frankenfield 
and  F.  J.  Walz,  in  charge  of  the  Weather  Bareaa  offices  at  St.  Loois, 
Mo.,  and  Davenport,  lowa^  respectively. 

The  convention  was  called  to  order  at  10.30  a.  m.,  October  16,  by  the 
president,  Maj.  H,  H.  0.  Dun  woody,  who,  after  the  call  of  the  roll, 
addressed  the  meeting  as  follows: 

"  ADDRESS  OF  THE  PRESIDENT. 

To  one  so  long  identified  with  the  work  of  State  weather  service  organisations, 
and  who  has  watched  with  keen  interest  their  progress  from  year  to  year,  as  has 
heen  the  case  with  me,  the  greeting  of  so  large  a  number  of  officials  in  charge  of 
these  organizations,  with  some  of  their  volnntary  colaborers,  as  are  assembled  on 
this  occasion,  is  indeed  a  very  great  pleasure.  I  may  properly  state  at  the  beginning 
of  my  remarks  that  it  is  a  singular  coincidence  that  the  first  convention  of  volun- 
tary obserrers  ever  held  assembled  in  this  city  thirteen  years  ago.  And  while  the 
convention  was  called  in  November,  1882,  a  month  later  than  now,  the  very  dates 
on  which  it  met  are  identical  with  those  set  for  this  convention,  namely,  the  16th 
and  17th.  On  that  occasion  we  were  honored  by  the  presence  of  the  chief  execu- 
tive of  the  State,  Governor  A.  6.  Porter,  and  my  friend  Captain  Connor,  whom  I 
am  glad  to  say  is  with  us  to-day.  Interesting  addresses  on  the  subject  of  State 
weather  services  were  delivered  by  both  these  distinguished  gentlemen,  and  I  also 
recall  that  several  very  able  addresses  on  subjects  pertinent  to  the  State  weather 
service  were  delivered  by  voluntary  observers  of  Indiana.  Among  the  latter  who 
addressed  the  convention  were  Prof.  Charles  G.  Boerner,  of  Vevay;  Mr.  William 
Dawson,  of  Spicelaud;  and  Mr.  John  Chappelsmith,  of  New  Harmony. 

Having  first  suggested  the  organization  of  State  weather  services,  as  auxiliary  to 
the  National  Weather  Service,  to  General  Hazen  in  1881, 1  was  sent  by  him  from 
Washington  to  represent  the  Signal  Service  (at  that  time  in  charge  of  the  Weather 
Service)  at  the  voluntary  observers'  convention  to  which  I  have  alluded.  In  the 
following  year,  under  orders  of  the  Chief  Signal  Officer,  I  made  an  official  tonr  of  a 
mumber  of  States  for  the  purpose  of  conferring  with  the  governors  and  other 
State  authorities  with  a  view  to  organizing  State  weather  services,  or  creating  an 
interest  in  such  work.  As  the  value  of  the  State  service  was  readily  recognized  by 
the  officials  with  whom  I  consulted,  1  met  with  much  encouragement,  and  daring 
the  following  and  succeeding  years  State  weather  services  were  organized  with 
rapidity.  The  good  work  begun  by  the  pioneer  observers  of  Indiana  has  been  car- 
ried on  daring  the  succeeding  years  with  valuable  results,  the  State  to-day  having 
a  very  efficient  organization  under  the  able  management  of  Prof.  H.  A.  Huston,  of 
Purdue  University,  and  his  assistant,  Mr.  Wappenhans,  local  forecast  official  in 
charge  of  the  Weather  Bureau  office  in  this  city. 

By  1892  the  entire  territory  of  the  United  States  was  covered  by  State  weather 
service  organizations.  With  the  exception  of  the  six  New  England  States  embraced 
in  the  territory  of  the  New  England  weather  service,  and  Maryland  and  Delaware, 
covered  by  the  Maryland  weather  service,  each  State  or  Territory  has  its  separate 
service. 

During  the  latter  part  of  1885  the  Chief  Signal  Officer  issued  a  letter  to  the  direc- 
tors of  the  several  State  weather  services  in  operation  at  that  time  suggesting  a  con- 
vention of  directors.  This  suggestion  was  favorably  received,  and  a  convention  was 
arranged  for  and  held  at  the  Smithsonian  Institution  in  Washington,  D.  C,  February 
24  and  25, 1886.  This  was  the  last  assemblage  of  State  weather  service  directors 
until  the  summer  of  1892,  when,  at  the  suggestion  of  Prof.  Mark  W.  Harrington, 
Chief  of  the  Weather  Bureau,  arrangements  were  made  for  a  convention,  which  was 
held  in  Rochester,  N.  Y.,  August  15  and  16,  in  conjunction  with  the  American  Asso- 
ciation for  the  Advancement  of  Science.    At  this  second  convention  of  State  weather 
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seryice  directorsy  at  which  eighteen  services  wererepresented^  a  permanent  organiza- 
tion known  as  the  American  Association  of  State  Weather  Services  was  effected. 
Since  then  it  has  met  annually,  the  two  conventions  immediately  succeeding  the  first 
one  heing  held  in  Chicago  and  Brooklyn.  These  gatherings  of  State  weather  service 
officials  and  their  colahorers  have  resulted  in  great  good;  affording  means  for  the 
exchange  of  views  with  respect  to  the  methods  of  collecting  and  distrihuting  weather 
and  crop  information.  The  published  proceedings  of  the  several  conventions  have 
been  received  with  much  interest,  both  by  the  officials  engaged  on  State  weather 
service  work  and  the  voluntary  observers,  weather  crop  correspondents  and  forecast 
displaymen  who  have  been  supplied  with  copies  of  the  published  reports.  At  the 
Brooklyn  convention  of  last  year  it  was  very  gratifying  to  the  officials  of  the  State 
Weather  Services  and  myself  to  have  in  attendance  several  voluntary  observers,  and 
I  am  happy  to  state  that  we  have  with  ns  to-day  quite  an  attendance  of  voluntary 
observers,  forecast  displaymen,  and  crop  correspondents  of  Indiana  and  neighboring 
States,  indicating  a  growing  interest'in  our  work. 

Having  always  been  a  sanguine  believer  in  the  value  of  these  local  services,  it  is 
with  much  gratification  that  I  am  able  to  say  that  the  past  year  has  been  marked  by 
especial  activity  in  the  several  lines  of  work.  A  great  improvement  has  been  made 
in  the  character  and  form  of  a  number  of  the  monthly  publications;  but  with  respect 
to  publications,  the  most  marked  improvement  has  been  made  in  the  form  of  the 
weather  crop  bulletins,  which,  with  but  a  few  exceptions,  have  been  issued  in  printed 
form,  being  vastly  more  attractive  and  convenient  than  the  milliograph  bulletin  of 
former  years. 

The  meteorological  data  furnished  by  monthly  reports,  giving  summaries  of  the 
observations  taken,  are  of  incalculable  advantage  to  engineers  in  charge  of  public 
works  in  making  their  calculations  as  to  the  capacity  of  sewers,  reservoirs,  etc.  Some 
of  the  most  striking  illustrations  of  the  data  being  collected  and  published  by  the 
New  York  State  weather  service  were  presented  to  the  legislature  of  that  State  dur- 
ing its  session  last  winter  when  an  effort  was  made,  on  the  score  of  economy,  to  cut 
off  the  appropriations  for  the  State  weather  service. 

I'he  liberal  policy  of  the  honorable  Secretary  of  Agriculture  toward  these  services 
enables  the  Weather  Bureau  to  do  a  great  deal  more  now  than  in  former  years.  Dur- 
ing the  year  ending  June  30, 1895,  over  400  voluntary  observers  were  furnished  with 
the  usual  instrumental  equipment  of  a  voluntary  station,  and  the  number  of  stations 
now  in  operation  has  reached  such  proportions  that  the  distance  limit  considered  in 
the  establishment  of  new  stations  has  been  reduced  to  25  or  30  miles,  the  former  limit 
having  been  fixed  at  50  miles.  The  past  year,  in  the  work  of  distributing  weather 
forecasts  and  special  warnings,  has  been  without  precedent  in  the  history  of  the 
Weather  Bureau.  Through  the  various  State  weather  service  organizations  the 
daily  forecasts  or  special  warnings  are  sent  to  over  22,000  addresses,  and  with  the 
arrangements  now  in  hand  the  number  is  being  rapidly  increased.  To  the  Post- 
Offlce  Department,  and  especially  to  the  present  Postmaster-General,  is  the  Weather 
Bureau  g^reatly  indebted  for  the  hearty  cooperation  received  in  the  distribution  of 
forecasts  by  mail.  The  letter  issued  by  Postmaster-General  Wilson  in  May,  1895, 
and  published  in  the  Official  Postal  Guide  for  June,  inviting  postmasters  throughout 
the  country  to  lend  their  aid  in  the  work  of  distribution  was  followed  by  many  vol- 
untary offers  from  postmasters,  and  a  large  number  of  distributing  centers  under 
the  logotype  system  lyis  been  arranged  for. 

I  recall  the  fact  that  less  than  two  years  ago  I  recommended  to  the  honorable 
Secretary  of  Agriculture  the  expenditure  of  a  small  amount — I  think  it  was  about 
$200 — ^for  the  purchase  of  logotype  outfits,  and  the  practical  and  valuable  feature  of 
this  suggestion  was  at  once  fully  appreciated,  and  the  amount  requested  for  the 
experiment  was  freely  authorized.  The  results  fully  justify  the  small  expenditure, 
and  to-day  there  are  thousands  of  communities  in  this  country  which  should  thank 
Secretary  Morton  for  the  daily  receipt  of  weather  forecasts  which  previous  to  his 
administration  it  was  impossible  to  secure. 
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Through  State  weather  services  and  local  organizations  the  benefits  resulting  from 
the  Weather  Bureau  work  has  been  more  largely  extended  to  the  people  during  the 
past  two  years  than  in  any  like  period  in  the  past.  The  scientific  work  of  the 
Bureau  has  been  heartily  supported  and  directed  into  proper  lines  of  investiga- 
tion, whereby  the  benefits  of  our  service  are  being  rapidly  extended  to  agricultural 
communities. 

Tlie  experience  with  the  logotype  system,  which  has  now  been  in  operation  nearly 
two  years,  has  been  highly  satisfactory,  and  it  has  proved  the  most  convenient  and 
economical  means  of  distributing  weather  information  ever  tried  by  the  Weather 
Bureau.  Witli  this  system  it  is  believed  fully  90  per  cent  of  the  post-offices  in  the 
United  States  may  eventually  be  reached  by  mail  in  time  to  make  the  forecast  of 
benefit.  In  some  States  this  work  has  not  received  the  attention  that  the  plan  merits, 
but  its  success  elsewhere  proves  that  it  can  everywhere  be  made  a  most  valuable 
means  of  communicating  weather  information.  Directors  of  State  weather  services 
should,  where  not  already  done,  fully  acquaint  themselves  with  the  facilities  of  the 
cities  and  towns  of  their  respective  States,  and  correspond  with  the  postmasl-ers  in 
towns  having  the  best  facilities  for  reaching  outlying  post-offices,  with  a  view  to  estab- 
lishing logotype  distributing  centers.  What  has  been  done  in  Ohio,  where  nearly 
2,000  post-offices,  or  about  60  per  cent  of  the  entire  number  in  the  State  are  furnished 
with  the  forecasts  by  mail,  can  be  done  to  greater  or  less  extent  in  other  States. 
This  plan  is  especially  commended  to  the  attention  of  the  directors  of  services  who 
have,  as  yet,  not  developed  this  feature  of  the  work  as  fully  as  they  should. 

In  no  year  since  the  inauguration  of  the  weather  crop  service  have  the  bulletins, 
both  State  and  national,  been  so  largely  sought  for  and  closely  watched  as  during 
the  season  just  closed.  Many  of  the  State  bulletins  have  been  so  enlarged  as  to 
attain  proportions  exceeding  the  national  bulletin  of  a  few  years  ago,  while  the 
national  bulletin  is  now  larger  and  more  complete  than  in  any  previous  year. 

There  is  a  great  future  for  the  Weather  Bureau  and  its  auxiliaries,  the  State 
weather  services.  The  people  are  becoming  more  and  more  familiar  with  the  work 
that  is  being  accomplished  for  their  benefit,  and  more  fully  realize  its  value.  The 
Bureau  is  criticized  for  its  shortcomings,  and  this  is  right;  but  when  it  accurately 
forecasts  weather  conditions  thirty-six  hours  in  advance  at  least  eight  times  out  of 
ten  there  is  a  good  balance  left  to  its  credit  after  deducting  the  charges  for  failure. 
In  my  opinion,  the  public  will  never  consent  to  an  abridgment  of  the  services  now 
rendered  by  the  Weather  Bureau,  and  extension,  rather  than  curtailment,  will  be 
the  demand. 

After  consulting  the  directors  of  the  various  services,  a  list  of  topics  for  discussion 
has  been  prepared,  and  will  furnish  the  programme  of  the  convention.  The  discus- 
sion of  these  subjects  and  others  that  may  be  suggested  can  not  but  result  in  profit 
to  those  directing  the  operations  of  State  weather  services,  and  I  hope  that  with 
this  large  attendance  the  work  of  this  year's  convention  will  prove  even  more  valua- 
ble than  the  highly  satisfactory  results  of  previous  conventions. 

The  journeys  to  these  conventions  to  many  are  attended  with  great  persona} 
expense,  and,  in  my  opinion,  it  would  be  difficult  to  give  stronger  evidence  of  your 
fidelity  to  duty  and  interest  in  the  work  in  which  you  are  engaged  than  by  your 
attendance.  Some  of  you  have  arranged  for  brief  vacations,  well  earned,  after  the 
convention  adjourns,  and  it  is  my  earnest  wish  that  you  will  all  have  a  profitable 
and  pleasant  experience.  In  conclusion,  I  desire  to  thank  the  members  of  the  asso- 
ciation for  the  honor  they  have  conferred  upon  me  in  electing  me  president  during 
the  past  three  years. 

At  the  conclusion  of  the  address  by  the  president  he  introduced  the 
president  of  the  board  of  trade,  Mr.  Gordon,  who  extended  to  the  mem- 
bers of  the  convention  an  invitation  to  visit  the  rooms  of  the  board 
and  to  a  banquet. 
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DISCUSSION  AT  WEDNESDAY  MORNING  SESSION. 

The  Pbesident.  I  suggest  that  we  take  up  now  the  regular  pro- 
gramme. The  first  subject  for  discussion  is,  "How  best  to  secure  and 
retain  the  services  of  voluntary  observers."  I  hope  to  hear  from  a  good 
many  of  you  on  this  topic.  Tou  are  all  ^nxious  to  please  the  voluntary 
observers,  and  it  is  important  to  increase  the  number  of  them,  as  upon 
the  faithful  work  of  the  voluntary  observers  very  largely  depends  the 
success  of  our  organization.    The  subject  is  now  open  for  discussion. 

Mr.  Mitchell.  (Florida).  I  think  this  is  one  of  the  most  important 
questions  we  have  to  contend  with,  that  is,  in  some  of  the  States.  I 
mean  to  get  good  satisfaction  from  those  who  serve  throughout  the 
State.  We  are  all  aware  that  cheap  service,  as  a  rule,  is  poor  service. 
While  this  is  not  generally  the  case  in  State  weather  services,  we  fre- 
quently find  it  so  in  all  walks  of  life.  As  far  as  my  State  is  concerned 
I  think  that  by  enlarging  the  circulation  of  the  publications  of  the 
different  States — ^that  is,  those  that  have  sufficient  showing  to  issue  a 
monthly  publication — would  be  a  very  important  feature  to  voluntary 
observers.  Send  them  out  over  the  country,  and  encourage  publica- 
tions from  them,  so  far  as  the  conditions  will  admit.  I  am  satisfied 
that  this  will  be  a  very  important  factor  and  give  good  satisfaction.  I 
am  satisfied  that  it  will  prove  beneficial  to  the  State  of  Florida,  and 
I  say  also  of  other  States. 

Mr.  Bbonson  (iN'orth  Dakota).  Mr.  President,  do  not  all  of  the  vol- 
untary observers  receive  such  publications  now! 

The  President.  I  think  a  great  majority  of  them  do  receive  copies 
of  such  publications.  I  have  always  understood  that  they  were  fur- 
nished by  the  Bureau. 

Mr.  Bbonson  (North  Dakota).  I  think  the  l)est  method  of  retaining 
the  voluntary  observers  is  to  furnish  them  as  promptly  and  as  com- 
pletely as  possible  with  all  information,  whether  taken  from  their  own 
State  or  from  other  States.  I  would  suggest  as  a  matter  of  detail,  in 
addition  to  that  which  has  already  been  stated,  that  we  have  more  or 
less  correspondence  with  the  voluntaiy  observers.  I  think  if  it  could 
be  arranged  we  should  furnish  them  with  letter  heads  in  order  to  estab- 
lish communication  between  them  and  the  directors.  I  think  it  would 
very  greatly  help  along  the  line  to  furnish  them  with  all  necessary 
expenses — to  put  them  in  correspondence. 

Mr.  E.  M.  Habdinge  (New  York).  The  State  of  New  York  has  never 
had  any  difficulty  in  retaining  the  services  of  the  voluntary  observers 
after  having  once  secured  them,  and  in  order  to  give  them  some  little 
return  for  their  services  we  have  subscribed  for  a  number  of  monthly 
journals  and  have  distributed  them  from  station  to  station,  and  we 
find  that  the  observers  are  very  much  interested  in  them.  The  trouble 
is  not  at  all  in  retaining  their  services,  but  there  is  trouble  sometimes 
in  getting  rid  of  some  of  them.  '  That  is  the  most  difficult  part  of  our 
work.    I  suppose  my  experience  in  that  line  is  no  exception  to  many 
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others.  Some  of  oar  obsenrers  want  to  take  observatooits  at  any  time-^ 
at  any  and  all  hours  of  the  day;  they  make  requests  for  barometers, 
hydrometers,  and  so  on,  and  they  wish  to  go  into  the  work  just  the 
same  as  a  man  who  is  getting  a  good  salary  for  the  work.  Of  course  we 
have  to  discourage  such  men,  and  in  a  way  that  will  not  be  offensive  to 
them.  We  have  to  let  them  down  very  easily.  I  think  the  voluntary 
observers  are  very  much  encouraged  by  being  visited  by  the  directors. 
It  is  a  source  of  profit  to  them  to  be  in  touch  with  the  directors  and 
keep  in  touch  with  them.  Write  to  them  often.  You  have  got  to  keep 
them  interested  in  their  work  so  that  they  will  be  interested  in  you, 
and  naturally  when  they  are  interested  in  you  they  will  become  inter- 
ested in  the  work  you  have  for  them  to  do^  I  have  never  had  any  diffi- 
culty at  all. 

Mr.  Bate  (Tennessee).  It  requires  a  great  deal  of  knowledge  of  human 
nature,  I  might  say,  to  work  with  voluntary  observers.  There  are  some  of 
them  who  will  be  very  much  interested  in  the  work  for  a  few  months,  and 
then  the  novelty  wears  off  and  there  begin  to  be  gaps  in  their  reports. 
Others  will  start  out  with  almost  any  kind  of  an  outfit  and  do  good 
work.  I  have  got  some  observers  that  have  been  taking  observations 
with  the  same  thermometers  used  in  1883,  in  use  twelve  years  or  twelve 
years  and  a  half,  and  they  have  sent  in  their  reports  without  a  single 
break.  Of  course  where  you  have  observers  like  that  there  is  no 
trouble  at  all.  I  think  one  of  the  best  methods  of  getting  good  volun- 
tary observers  is  to  let  them  know  that  they  are  going  to  have  a  No.  1 
outfit,  and  if  they  are  interested  enough  in  the  work  they  will  continue  in 
it.  This  has  been  my  experience,  although  I  have  not  had  very  much  dur- 
ing the  past  few  years.  It  is  a  good  idea  to  keep  a  voluntary  observer 
impressed  with  the  importance  of  his  station  as  a  factor  in  making  the 
climatic  history  of  his  State. 

Mr.  Hebsey  (New  Mexico).  I  think  the  different  conditions  of  the 
different  States  and  Territories  require  entirely  different  methods  of 
securing  and  retaining  voluntary  observers.  Now,  in  New  Mexico  we 
have  various  kinds  of  pox)ulation,  a  large  part  of  it  being  of  Spanish 
descent.  Many  of  the  Mexicans  are  not  capable  of  attending  to  that 
kind  of  work,  and  so  we  have  to  rely  on  the  American  element.  One 
of  the  surest  ways  of  retaining  observers  that  I  have  found  is  to  become 
personally  acquainted  with  them,  if  possible.  I  have  never  lost  an  ob- 
server that  I  wished  to  retain,  by  reason  of  being  personally  acquainted 
with  him.  They  ate  interested  in  the  work,  and  they  do  not  like  to 
drop  it,  for  fear  of  wounding  the  feelings  of  their  friends.  In  that  Ter- 
ritory— ^New  Mexico — some  of  our  best  observers  are  the  railway  station 
agents.  I  made  arrangements  with  the  superintendents  of  some  of  the 
main  roads  running  through  the  Territory  to  instruct  their  agents  to 
act  as  voluntary  observers.  They  are  usually  a  well-educated  class  of 
people  and  well  fitted  for  such  work.  Some  of  our  best  reports  come 
from  them.    By  making  their  acquaintance  personally  and  interesting 
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them  yon  can  almost  always  retain  their  Beryices.  This  is  one  of  the 
most  valuable  means  that  I  have  ever  found. 

Mr.  JSNNINGS  (Kansas).  In  selecting  voluntary  observers  I  think  you 
should  first  locate  your  town,  and  then  visit  that  town.  I  do  not  think 
the  scheme  of  recommendations  irom  the  postmasters  will  work  very 
well.  It  depends  altogether  upon  how  the  postmasters  look  at  the  ques- 
tion as  to  who  they  will  recommend  or  suggest  for  the  work.  If  you  go 
to  a  town  and  talk  the  matter  up,  there  is  always  some  one  who  will  be 
more  or  less  interested  in  the  subject,  and  then  you  can  form  a  better 
estimate  of  your  prospective  observer.  You  can  probably  in  this  way 
get  an  observer  that  you  ean  retain  all  the  way  through.  In  the  eastern 
part  of  Kansas  we  have  no  difficulty  at  all  in  retaining  the  services  of 
observers,  especially  if  they  are  desirable  ones.  In  the  western  part  of 
the  State  it  becomes  much  more  difficult  to  keep  them,  simply  from  the 
fact  that  many  men  locate  there  and,  after  trying  to  get  rich  for  a  year 
or  two  and  finding  they  can  not  so  rapidly,  they  move  away  and  locate 
somewhere  else.  In  other  words,  the  western  part  of  the  State  is  like 
the  sands  of  the  desert — carried  around  by  the  winds.  After  awhile  you 
write  to  the  postmaster  to  inquire  why  letters  have  not  been  answered, 
and  he  says  in  reply:  ^< Why,  that  man  has  gone.  He  has  left  some 
things  here  which  I  think  are  for  you."  I  would  like,  so  far  as  I  am 
concerned,  to  know  of  some  good  method  of  getting  good  observers 
stuck  in  the  sand — get  rooted  out  there.  We  have  one  in  the  south- 
western part  of  the  State,  a  civil  engineer,  and  he  would  make  a  good 
observer  anywhere.  He  wrote  me  at  one  time,  suggesting  that  some 
one  be  appointed  at  Eichfield,  as  it  was  a  little  nearer  the  railway  and 
it  would  be  easier  to  get  the  mail  from  there.  I  wrote  back,  saying  that 
I  would  be  very  glad,  indeed,  to  have  some  one  at  that  place  immediately, 
but  that  we  would  rather  not  lose  his  services.  His  work  is  nearly  per- 
fectj  his  reports  come  in  regularly,  and  in  his  whole  work  there  are  not 
more  than  half  a  dozen  errors  in  the  whole  year's  time. 

Kowy  as  far  as  railroads  are  concerned,  I  am  glad  to  hear*  somebody 
say  a  good  word  for  the  railroads.  I  think  the  Union  Pacific  Eailroad 
has  about  forty  or  fifty  stations  between  Brookville  and  Denver,  and 
I  corresponded  with  some  of  the  people  at  those  stations — with  some 
of  the  voluntary  observers  along  the  line — in  regard  to  their  reports. 
I  wrote  to  the  superintendent  of  the  road  at  Kansas  City,  asking  him 
to  inspect  some  of  the  stations.  This  was  in  February,  1887.  Finally, 
I  started  out  myself,  and  found  that  in  a  good  many  places  the 
exposure  of  the  thermometer  was  very  x>oor.  I  found  them  usually  in 
a  little  box  10  inches  wide  and  probably  15  inches  high,  with  a  tin  tube 
running  out  fh)m  the  top  for  ventilation,  and  they  would  get  very 
warm  during  the  day.  In  many  instances  the  boxes  were  placed  on 
the  north  side  of  the'buildings,  but  everyone  knows  that  railroad  build- 
ings do  not  stand  with  the  points  of  the  compass.  The  railroads  are 
very  crooked  and  are  built  all  around  and  over  the  country,  and  the 
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depots  are  built  alongside  of  the  track  whichever  way  they  happen  to 
be.  In  some  places  the  thermometers  were  exposed  to  the  sun,  and 
they  had  a  temperature  of  112o  and  115o.  One  station  reported  very 
little  rainfall,  and  at  the  next  station  there  was  a  tremendous  rain- 
fall, the  observer  reporting  from  3  to  4  inches  every  time  it  rained. 
He  had  his  rain  gauge  under  the  rain  spout  that  carried  the  water 
off  the  depot.  He  said  his  instructions  were  to  catch  the  rain  water. 
An  agent  asked  me  one  time,  ^^How  much  rain  do  you  think  we  had 
here  last  night!"  I  replied  probably  0.76.  "Well,"  he  said,  "it  is 
pretty  nearly  an  inch.''  It  is  my  experience  that  the  best  method  of 
securing  observers  is  to  pick  out  your  town  first  where  you  want  one 
located,  and  then  go  there  in  person  and  get  acquainted  with  the 
business  men,  and  state  your  case  to  them.  I  usually  take  with  me  a 
copy  of  the  National  E^view  and  show  it  to  them.  By  the  way,  our 
State  Eeview  has  not  been  printed  this  year  because  of  a  little  diffi- 
culty between  the  State  board  of  agriculture  and  the  printing  commis- 
sioners. I  take  this  National  Eeview  to  them  and  say  to  them, "  Now, 
here  is  a  bulletin  that  is  printed  every  month,  twelve  times  a  year, 
and  is  sent  all  over  the  world.  People  don't  know  that  you  have  a 
town  here,  but  they  do  know  that  there  is  a  town  of  McPherson  next 
to  you  over  there  because  the  name  appears  in  this  list,  and  you  ought 
to  have  pride  enough  about  you  to  advertise  this  town  all  over  the  world. 
If  you  can  get  some  man  to  take  charge  of  a  set  of  instruments  which 
the  Government  wDl  provide,  why  you  can  get  your  town  advertised  for 
nothing  twelve  times  a  year."  There  has  sometimes  been  considerable 
expense  attached  to  the  reaching  of  these  towns,  as  they  were  not  sit- 
uated by  the  railroads.  The  bicycles  are  of  very  great  advantage, 
because  you  can  strike  across  the  country  and  save  time  and  expense. 
I  think  the  weather  bulletin  when  printed  and  sent  to  the  observers 
goes  a  long  way  in  retaining  their  services.  A  great  many  pubhca- 
tions  are  excjianged.  You  have  all  heard  of  the  Hay  Trade  Journal, 
published  in  New  York,  and  the  American  Swineherd,  published  in 
Chicago,  and  I  might  mention  a  good  many  others.  They  are  of  no 
particular  use  to  our  offices,  but  we  distribute  them  to  parts  of  the 
State  where  they  are  interested  in  hay  and  in  swine  aqji  so  on,  and  we 
find  they  are  very  greatly  interested  in  them. 

The  President.  We  have  with  us  a  gentleman  who  has  had  a  great 
deal  of  experience  in  securing  and  retaining  voluntary  observers,  and 
he  probably  has  more  information  on  the  subject  than  most  of  us.  I 
shall  extend  an  invitation  to  him  to  make  any  remarks  upon  this  sub- 
ject that  he  may  wish,  or  upon  kindred  subjects.  We  would  like  to 
hear  from  the  Chief  of  the  Weather  Bureau. 

Professor  Mooeb  (Chief  of  the  Weather  Bureau).  I  do  not  know 
whether  I  have  lost  my  membership  in  this  organization  or  not  by 
being  called  to  a  higher  position  j  but  anyway,  my  interest  is  with  you 
and  my  heart  is  with  you.    I  spent  three  years  actively  in  the  State  / 
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service  work,  and  I  can  say  tbat  I  have  never  had  cause  to  regret  my 
connection  with  this  important  branch  of  the  Weather  Bureaa.  Noth- 
ing will  ever  caase  me  to  disparage  the  work  done  by  the  State  weather 
services,  but  rather  it  is  my  desire  to  see  it  extended,  and  become  more 
comprehensive  in  its  scope. 

I  hardly  think,  Mr.  President,  that  I  shall  talk  much  on  the  subject 
you  have  given  me.  I  am  too  fall  of  something  else.  I  am  aware  that 
yon  are  all  members  of  the  Federal  service  and  that  you  are  all  officials 
of  the  United  States  Weather  Bureau,  as  well  as  directors  of  State 
weather  services.  Now,  the  work  of  your  State  weather  services  during 
the  past  year  or  two  has  been  so  admirably  outlined  and  referred  to  by 
your  able  president  that  it  is  not  my  purpose  to  enter  into  that  at  all, 
although  I  heartily  concur  in  everything  he  has  said.  I  would  rather 
Bi)eak  to  you  of  the  attitude  of  the  Department  of  Agriculture  to  the 
Weather  Bureau  as  a  whole,  than  as  a  State  weather  service  system.  I 
wish  to  speak  of  the  policy  of  the  honorable  Secretary  of  Agriculture 
toward  the  Bureau.  In  calling  me  to  the  position  I  now  hold,  he  in- 
formed me  that  I  should  enter  the  office  free  and  untrammeled;  that  I 
should  enter  into  it  with  the  single  and  only  purpose  of  making  it  the 
greatest  weather  bureau  in  the  world,  and  that  to  accomplish  that  end 
there  was  but  one  x)olicy  to  pursue,  and  that  was  to  recognize  every  man 
for  his  merit,  to  make  recommendations  for  promotion  entirely  ux>on  the 
record  of  the  men,  without  regard  to  political  considerations  and  with- 
out regard  to  religious  affiliations — ^that  only  the  merit  of  each  worker 
should  be  considered.  I  have  tried  to  impress  upon  all  the  fact  that  I 
shall  not  waver  in  my  duty,  or  allow  other  than  honorable  motives  to 
influence  me  in  my  recommendations.  I  can  not  make  this  point  too 
strong,  for  our  whole  success  and  the  whole  development  of  the  Bureau 
depends  upon  our  making  it  a  merit  system,  pure  and  simple.  Within 
the  past  ninety  days  there  has  been  a  profcQSor  of  meteorology  selected, 
and  there  has  been  a  weather  forecaster  selected;  in  both  cases  they 
were  men  who  had  made  especially  high  averages  in  their  work.  The 
one  selected  for  professor  made  the  highest  average  in  forecast  work, 
during  the  past  year,  of  all  officers  at  Washington.  He  was  selected 
accordingly.  The  national  forecaster  was  selected  because  in  recent 
comx>etitive  examinations  he  made  the  second  highest  place.  In  both 
cases  they  were  selected  for  their  ability  and  devotion  to  duty.  Econ- 
omy has  been  rigidly  practiced  in  the  Bureau  in  cutting  off  all  unnec- 
essary compilation  of  data,  as  I  presume  you  have  all  noticed  by  the 
recent  orders  which  have  gone  out  to  you.  This  has  enabled  us  to  dis- 
l)ense  with  the  services  of  some  few  workers  who  have  not  been  up  to 
the  standard  of  efficiency,  and  has  also  enabled  us  materially  to  advance 
in  salary  seventy-eight  of  the  deserving  men  of  our  service.  Not  only 
has  the  letter  of  civil  service  been  obsei-ved,  but  the  spirit  has  been 
steadily  carried  forward. 

I  know  that  your  deliberations  liere  as  State  weather  service  directors 
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are  for  the  good  of  the  Weather  Bureau,  and  your  devotion  to  this 
cause  is  certainly  admirable,  coming  here  each  year  as  you  do  at  your 
own  expense  and  each  year  growing  and  increasing  in  knowledge.  This 
is  the  finest  presentation  the  State  weather  service  men  have  ever  made, 
and  I  hope  that  your  deliberations  will  result  in  pleasure  to  yourselves 
personally  as  well  as  in  profit  to  the  Bureau. 

Mr.  Ghapfee  (Alabama).  Before  taking  up  the  next  question,  I  want 
to  say  that  I  agree  with  the  director  from  Florida  that  this  question  we 
have  been  discussing  is  one  of  the  most  important  we  have  to  contend 
with.  l^ow,.as  to  the  best  means  of  obtaining  voluntary  observers,  I 
would  say  nothing;  that  point  has  already  been  sufficiently  discussed. 
But  one  of  the  best  means  of  retaining  them  that  I  know  of  is  to  let 
them  know  that  their  work  is  being  used  for  the  benefit  of  their  State. 
I  always  impress  that  fact  upon  them.  When  I  find  that  they  are 
losing  interest,  1  write  them  and  again  impress  that  fact  upon  their 
minds.  It  is  one  of  the  most  telling  features,  to  my  mind,  to  let  them 
know  that  their  rejwrts  are  being  used  for  the  benefit  of  their  State  in 
advertising  to  prosj^ective  immigrants  and  investors  the  climatic 
resources  and  advantages  of  their  section. 

Mr,  McGann  (New  Jersey).  1  think  one  of  the  best  and  surest  methods 
of  retaining  the  interest  and  the  services  of  the  voluntary  observers 
is  to  insure  a  prompt  and  accurate  publication  of  the  essential  points 
of  their  reports.  Men  generally  like  to  see  their  names  in  print.  There 
is  not  one  of  us  that  does  not.  I  think  that  method  helps  the  men  more 
than  anything  else.  After  we  have  their  reports,  print  them  and  let 
them  see  that  they  are  printed  and  that  we  have  had  them  printed 
accurately.  Print  special  remarks  from  their  stations  which  they  make. 
They  like  to  see  them.  I  think  it  appeals  almost  directly  to  each  indi- 
vidual, and  is  a  matter  of  the  greatest  importance  to  them.  As  to  the 
method  of  securing  observers,  in  the  Central  States  at  least,  there  is  a 
growing  organization  which  I  believe  will  help  us  a  great  deal  if  we 
will  use  them,  and  that  is  the  farmers  of  the  difi'erent  St^ates.  From 
among  the  farmers,  I  believe  we  can  secure  a  good  many  voluntary 
observers  of  the  very  best  type.  The  men  generally  live  on  farms, 
which  would  afford  a  reasonably  good  exposure  for  instruments,  and 
they  would  take  a  daily  record.  They  are  permanent  residents,  and 
they  are  men,  as  we  all  know,  who  do  their  work  well.  They  are  always 
at  home,  always  on  hand;  they  are  men  who  realize  that  the  meteoro- 
logical observations  are  of  the  utmost  importance  to  them  and  to  their 
crops  and  to  their  farms  in  general.  As  the  question  of  drainage  is 
being  discussed  more  and  more,  the  question  of  rainfall  also  becomes 
more  important  to  the  farmers.  There  is  no  doubt  in  my  mind  that 
from  these  institutes  voluntary  observers  could  be  obtained  who  would 
serve  almost  continuously;  they  would  make  permanent  and  valuable 
observers,  it  seems  to  me,  and  it  is  the  most  promising  outlook  I  have 
yet  seen  in  our  State, 
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Mr.  Sghneideb  (Michigan).  I  have  been  very  successful  in  placing 
voluntary  observers  in  the  care  of  fire  departments  in  towns  large 
enough  to  afford  a  fire  department,  or  in  towns  where  there  is  a  system 
of  waterworks  where  there  is  a  pumping  station  day  and  Tiight.  I 
have  placed  many  voluntary  observers  very  satisfactorily  in  this  way. 
This,  of  course,  pertains  only  to  the  larger  cities,  but  it  becomes  perma- 
nent, and  is  'something  that  lasts  for  all  time.  I  always  equip  my 
observers  with  a  good  set  of  instruments  and  see  that  there  is  good 
shelter.  They  are  usually  a  very  intelligent  set  of  people,  and  they 
carry  on  this  work  very  successfully,  as  they  are  always  on  hand. 
Another  point  to  bring  up  is  the  pa3rraent  of  voluntary  observers.  In 
onr  State,  four  or  five  years  ago,  under  the  regime  of  Mr.  Conger,  we 
paid  our  voluntary  observers  from  an  appropriation  made  by  the  State 
$1  a  month,  and  it  is  wonderful  how  much  you  can  do  with  the  volun- 
tary observers  if  you  make  their  work  a  matter  of  dollars  and  cents. 
Of  course  I  know  that  in  this  voluntary  observer  work  you  have  got 
to  treat  them  cordially  and  furnish  them  with  all  your  x>ublications, 
etc.,  before  they  will  sometimes  resume  their  duties,  but  in  a  matter 
of  dollars  there  is  no  difficulty  in  making  a  permanent  affair  out  of  it, 
and  it  is  my  object  to  make  them  as  permanent  as  possible. 

Dr.  I.  M.  Cline  (Texas),  Over  the  eastern  half  of  the  State  we  can 
get  more  observers  than  we  desire.  Some  of  them  are  railroad  men, 
and  they  make  good  observers.  We  do  not  have  the  advantage  of  many 
railroads  in  the  western  portion  of  the  State  where  observers  are  most 
needed,  and  hence  can  not  draw  on  them  for  observers.  We  manage 
to  work  up  considerable  interest  among  our  voluntary  observers  by 
occasional  visits  to  fairs,  farmers'  institutes,  etc.,  where  we  meet  volun- 
tary observers  and  talk  with  them.  Another  feature  which  we  are 
putting  forward  in  Texas,  and  one  which  interests  the  voluntary 
observers  and  demonstrates  to  them  the  practical  value  of  their  work 
to  the  State,  is  the  issue  of  special  bulletins  devoted  to  climatology, 
agriculture,  horticulture,  etc.,  local  and  general.  This  does  more  to 
enliven  an  interest  in  the  woik  than  anything  I  know  of.  We  have  no 
trouble  in  securing  and  retaining  voluntary  observers  over  the  eastern 
XK)rtion  of  the  State,  but  in  the  western  portion  we  have  a  number  of 
counties  sparsely  inhabited,  and  those  who  inhabit  some  of  them  are, 
as  a  rule,  herders,  who  have  no  personal  interests.  Of  course  it  is  very 
difficult  to  reach  those  counties.  The  land  is  owned  by  nonresidents; 
but  when  we  can  reach  them  they  generally  arrange  to  have  some  one 
in  their  employ  take  hold  of  the  work,  but  even  then  we  can  not  always 
find  one  who  can  keep  up  the  records;  and  as  for  farmers'  institutes 
and  such  organizations,  we  have  none  in  west  Texas.  In  that  part  of 
the  State  the  question  of  irrigation  is  a  great  one,  and  our  people  want 
all  the  statistics^  of  rainfall  that  they  can  possibly  get;  and  I  find  that 
wherever  there  are  men  who  have  interests  and  are  properly  located 
they  gladly  take  hold  of  this  work  in  their  section,  realizing  that  it  is 
to  their  own  benefit. 
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Mr.  Glenn  (South  Dakota).  Yoluntary  observers  are  doing  a  great 
work  and  I  would  rather  have  them  interested  and  earnest  in  that  work. 
We  should  lose  no  opportunity  of  showing  our  appreciation  of  what 
they  do  and  what  they  have  done.  We  are  earnest  and  sincere  in  our 
efforts  to  build  up  State  weather  services,  and  by  infusing  this  spirit 
into  the  observers,  we  not  only  get  better  service  but  are  more  liable 
to  retain  them.  This  policy  has  been  successful  in  my  State.  The 
receipt  of  every  Form  1009  and  1067  is  immediately  acknowledged  in  a 
courteous  letter  to  the  observer,  and  he  is  thanked  for  the  report  and 
his  promptness  in  rendering  it.  My  greatest  cause  of  loss  in  volun- 
tary observers  has  been  due  to  their  departure  from  the  State. 

Mr.  Sag£  (Iowa).  Mr.  President,  there  are  observers  and  observers; 
good  observers  are  bom,  not  made.  Now,  as  to  the  observers  in  our 
State.  There  is  no  trouble  at  all  in  getting  them,  but  the  trouble  is 
in  the  matter  of  selection ;  not  to  find  a  man,  but  to  find  the  right  man. 
There  are  more  men  offering  their  services  in  Iowa  than  we  can  begin 
to  supply  or  equip  with  instruments.  I  think  the  thing  for  the  Gov- 
ernment to  do  is  to  enlarge  its  appropriation  in  order  to  get  instru- 
ments that  can  be  utilized  to  good  advantage.  I  believe  that  we  should 
be  more  liberal  in  supplying  instruments,  and  that  is  the  greatest  dif- 
ficulty we  have  in  Iowa — ^the  lack  of  funds  for  this  purpose.  There  is 
another  point  I  would  like  to  speak  about — ^the  railroads.  They  become 
intensely  interested  in  this  work,  and  appreciate  fully  the  value  of  this 
service  to  their  own  interests.  I  have  had  letters  irom  presidents  of 
roads,  and  from  superintendents  of  construction,  and  from  chief  engi- 
neers, asking  about  this  matter  of  rainfall.  They  want  the  information 
for  the  construction  of  their  culverts  and  bridges.  And  I  have  also  had 
conversation  with  some  of  the  different  men  in  regard  to  furnishing  rain 
gauges  at  the  stations.  They  say  that  they  will  give  us  free  tele- 
graphic messages  at  all  times  if  we  will  furnish  the  instruments.  This 
is  what  we  ought  to  do.  I  think,  however,  the  Government  of  the 
United  States  ought  to  do  a  part  in  this  matter,  and  the  people  in 
Iowa  are  willing  to  go  more  than  half  way.  We  can  very  greatly 
enhance  the  value  of  this  service  by  local  cooperation,  by  utilizing  all 
local  sources  of  information.  There  is  nothing  that  can  be  done  in  this 
world  without  cooperation. 

Dr.  R.  J.  Hyatt  (Mississippi).  Mr.  President,  I  have  found  that  one 
of  the  best  means  of  securing  voluntary  observers  is  by  selecting  them 
from  the  large  number  of  crop  correspondents  throughout  the  State. 
Any  man  who  will  render  a  good  crop  rex>ort  will  also  make  an  accurate 
voluntary  observer.  I  have  a  great  many  excellent  crop  reporters,  some 
of  them  having  instruments  of  their  own,  and  from  this  source  the  num- 
ber of  voluntary  observers  can  be  increased  very  satisfactorily.  I  have 
had  no  trouble  in  retaining  the  services  of  voluntary  observei's  after 
they  are  once  well  started  and  instructed  in  the  work  of  the  servicOi 
They  take  a  pride  in  the  publicf^tion  of  their  reports, 
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Mr.  Stbong  (Wisconsin).  On  the  subject  of  procuring  or  retaining 
the  services  of  voluntary  observers,  I  think  there  is  nothing  so  effec- 
tual as  a  frequent  inspection  of  their  work;  to  visit  them  and  become 
acquainted  with  them.  I  find  this  to  be  the  case  in  Wisconsin,  where 
the  men  take  the  greatest  interest  in  the  welfare  of  their  towns,  and  I 
find  that  they  are  willing  to  contribute  their  time  for  the  benefit  of  their 
immediate  region. 

Mr.  McGann  (New  Jersey).  Speaking  of  a  small  remuneration,  say 
$1, 1  don't  believe  that  would  amount  to  anything  with  the  voluntary 
observers.  Without  it,  I  think  the  voluntary  observer  has  an  interest 
in  the  welfare  and  development  of  his  country,  and  that  he  is  giving 
his  services  as  a  public  good  for  the  public  benefit,  and  the  way  to 
retain  him  is  to  visit  him  and  become  acquainted  with  him,  and  make 
him  feel  that  his  services  are  of  value  to  you.  Of  course  this  is  difficult 
for  the  directors  to  do  at  their  ownexx>ense;  we  can  hardly  expect  it 
of  them,  and  we  can  not  see  our  way  clear  to  allow  them  Government 
transportation  as  yet.  But  I  do  want  to  see  the  day  when  an  allow- 
ance can  be  made  for  this  purpose — enabling  the  directors  to  visit  and 
inspect  the  stations  of  their  voluntary  observers  without  x>ecuniary 
loss  to  themselves. 

The  Pbesidbnt.  Now,  gentlemen,  if  there  is  nothing  further  on  this 
subject,  and  as  it  is  half  past  11,  we  will  adjourn  for  the  purpose  of 
visiting  the  board  of  trade  in  their  rooms.  They  have  invited  us  to  do 
so.    We  will  be  on  hand  again  at  2  o'clock. 

The  convention  then  adjourned  until  2  o'clock  p.m. 

DISCUSSION  AT  WEDNESDAY  AFTERNOON  SESSION. 

The  President.  I  have  just  received  the  following  telegram  from 

Mr.  Pague: 

Portland,  Oreo.,  October  IG,  1896. 

The  PreMeni  American  AnodatUm  of  Stale  Weather  Services,  Indianapolis,  Ind, 

My  compliments  to  the  members  of  tLe  oonveDtion.  Wish  yon  aU  nnbounded  suc- 
cess in  all  endeavors,  and  tmst  the  meeting  may  be  beneficial  and  enjoyable.  Regret 
my  inability  to  be  with  you.    The  people  of  Oregon  would  like  to  have  you  meet  in 

Portland  next  year. 

B.  S.  Pague. 

We  will  now  proceed  with  the  next  subject  on  the  programme,  which 
is  No.  2,  and  is  one  of  the  most  important  with  which  we  are  identified: 
"What  can  be  done  to  improve  weekly  weather  crop  bulletins  and 
increase  their  value!''  T  think  it  will  be  well  for  the  members  of  the 
association  in  discussing  this  subject  to  make  their  remarks  applicable 
to  their  localities,  and  thus  give  the  members  of  the  Association  more 
detailed  information.  These  bulletins  afford  an  excellent  means  tor 
studying  the  interests  of  the  several  sections  that  may  be  benefited  or 
protected  through  a  foreknowledge  of  weather  changes,  and  I  think  it 
would  be  well  for  everyone  charged  with  the  duty  of  making  forecasts 
to  make  a  careful  study  of  the  interests  that  may  be  served  in  each 
locality,  so  as  to  be  fully  informed  concerning  the  crops  liable  to  injury 
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from  such  changes.  I  find  the  benefits  resulting  from  the  forecasts 
largely  depend  ux)ou  the  understanding  of  the  forecast  official  as  to 
the  special  interests  the  forecasts  may  serve;  therefore,  in  discussing 
these  questions,  we  must  remember  that  much  responsibility  rests  upon 
the  man  ^ho  prepares  the  forecast.  I  would  like  to  hear  from  some  of 
the  gentlemen  on  the  subject,  "What  can  be  done  to  improve  the 
weather  crop  bulletin  and  increase  its  value!" 

Mr.  Chaffee  (Alabama).  I  do  not  wish  to  ifiterject  anything  foreign 
to  the  topic  under  discussion,  but  I  would  like  to  say  here,  in  the  inter- 
ests of  the  rice  growers  of  southeast  Alabama,  and  the  same  may  be  said 
for  the  lowland  rice  planters  of  the  Garolinas  that  warnings  of  high 
winds  are  of  vital  interest  to  lowland  rice  plant-ers  at  that  stage  of  the 
crop  when  it  has  nearly  matured.  The  heads  of  rice  are  then  full  and 
nearly  bursting;  any  high  wind  will  switch  about  and  shake  out  a  large 
amount  of  rice  on  the  ground.  Now,  those  planters  engaged  in  wet  cul- 
ture of  rice,  all  of  whom  have  their  fields  dyked  around,  can  upon 
receiving  warnings  of  high  ^vinds  open  their  sluice  gates,  let  in  the 
water,  and  flood  the  rice  nearly  up  to  the  heads;  the  water  holds  the 
stalks  steady  and  x)revents  damage  by  wind.  When  the  danger  is  past 
the  water  is  withdrawn.  The  water  does  not  injure  the  rice;  and  I  know 
of  several  cases  where  the  action  I  have  mentioned  has  saved  a  rice  crop. 

Professor  Swezey  (Nebraska).  Mr.  Ghairraan,  I  would  like  to  say 
a  word  about  the  value  and  appreciation  of  the  maps.  Kow,  for  three 
years  we  have  published  a  map  giving  the  victual  amount  of  rainfall. 
These  maps  have  been  so  highly  appreciated  in  our  State  that  it  seems 
to  me  it  ought  to  be  taken  up  in  every  State.  I  think  we  are  justified 
in  saying  that  the  map  is  appreciated,  inasmuch  as  it  is  copied  by  the 
Lincoln  and  Omaha  dailies,  by  the  Nebraska  Farmer,  our  leading  agri- 
cultural weekly,  and  by  the  Lincoln  Newspaper  Union,  by  which  it  is 
sent  out  widely  to  the  country  papers. 

As  to  the  cost  of  the  outfit,  of  course  that  depends  upon  what  you 
have  to  buy.  It  consists  of  two  rather  heavy  iron  plates,  with  metal 
bars  running  lengthwise  between  them,  and  these  are  clamped  together. 
The  blank  map  answers  the  ordinary  purpose. 

The  Pbesident.  I  have  received  a  recent  communication  or  sugges- 
tion which  I  think  can  be  utilized  by  the  members  of  this  association; 
at  any  rate,  I  am  anxious  to  impress  it  upon  the  members  of  the  asso- 
ciation. The  suggestion  is  this:  That  the  newspapers  have  been  criti- 
cizing the  local  forecasts,  and  that  we  ought  to  seek  opportunities  to 
give  the  papers  some  important  news.  Say  to  the  reporters,  "  I  have 
got  a  little  item  here  which  will  interest  you  and  that  will  also  be  of 
interest  to  your  paper  and  to  your  locality.''  Tell  the  reporters  to  call 
around  occasionally;  that  you  can  give  them  something  which  will  be 
of  interest.  If  we  do  this  the  papers  will  certainly  be  more  lenient  in 
their  criticism  on  the  Bureau.  Give  them  something  that  they  consider 
of  interest  and  value  and  that  will  benefit  them  to  publish.    Before  we 
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go  any  further  on  this  subject,  there  is  a  gentleman  here  who  has  the 
honor  of  having  first  called  a  convention  of  State  weather  service  men, 
Mr.  J.  B.  Connor,  of  Indiana.  He  was  the  head  of  the  State  weather 
service  thirteen  years  ago,  and  he  conceived  the  idea  of  calling  his 
voluntary  observers  together  in  convention.  He  is  still  interested  in 
this  work,  and  he  is  also  the  owner  and  publisher  of  the  Indiana  Farmer, 
which  publishes  the  crop  bulletin  of  this  State,  and  which  spreads  infor- 
mation throughout  this  as  well  as  neighboring  States.  I  would  like 
to  have  him  give  his  views  on  the  subject  of  voluntary  service  to  this 
convention  for  a  few  moments. 

Mr.  J.  B.  Connor  (Indiana).  I  have  always  been  very  much  inter- 
ested, as  our  president  says,  in  the  work  of  State  weather  services.  It 
was  at  the  instance  of  Governor  Porter,  of  this  State,  that  the  service 
was  organized  in  Indiana,  when  I  was  the  chief  of  the  bureau  of  statis- 
tics, and  I  believe  our  first  convention  was  called  in  1882.  I  had  heard 
a  great  deal  on  the  subject  of  the  State  weather  service,  but  it  was  a 
new  kind  of  work  for  me.  To  secure  a  respectable  number  of  stations 
in  the  State,  if  you  will  permit  me  to  go  on  with  this  suggestion,  I  pre- 
pared a  circular  and  sent  it  out  to  the  various  people  whose  names  I 
had  obtained  who  were  not  in  our  work,  and  many  expressed  their  will- 
ingness to  take  hold  of  the  work,  and  it  was  in  this  way  that  the  volun- 
tary observers  were  secured.  I  was  only  connected  with  thigr  service 
for  two  years,  or  perhaps  less  than  two  years,  and  as  my  successor  as 
chief  of  the  bureau  of  statistics  seemed  to  have  no  appreciation  of  the 
work,  it  was  afterwards  transferred  to  the  Agricultural  College  of  the 
State,  which  was  well  fitted  up,  and  from  which  the  State  is  gaining 
very  much  advantage,  for  certainly  the  service  has  become  very  efficient 
and  very  valuable  to  the  State.  Well,  it  was  in  1882, 1  think,  that  the 
first  meteorological  Convention  was  held  that  was  ever  held  in  the 
United  States.  At  that  convention  we  secured  the  attendance  of 
nearly  all  of  the  voluntary  observers  we  had  obtained,  and  the  con- 
vention interested  them  very  much.  It  was  as  a  result  of  that  kind  of 
work  that  the  interest  was  kept  up  in  the  weather  service.  I  am  glad 
to  look  you  all  in  the  face  and  to  see  so  many  States  represented  here. 
Certainly  you  are  engaged  in  a  very  important  and  a  very  great  work; 
but  it  is  a  work  that  is  not  fully  appreciated  as  yet. 

1  heard  some  of  the  discussions  this  morning  about  retaining  and 
securing  voluntary  observers.  That  is  a  very  important  question,  and 
a  question  that  the  public  does  not  yet  have  full  appreciation  of. 
We  are  all  trying  to  live  a  year  in  a  month.  That  is  our  trouble.  We 
live  too  fast.  We  want  to  know  it  all  from  the  start  to  finish  at  once, 
and  we  are  trying  to  do  a  great  deal  more  than  we  are  able  to  do;  yet 
a  great  deal  of  work  is  being  done,  and  the  data  that  has  been  collected 
by  the  State  weather  services  all  over  the  country  will  sometime,  not 
many  years  hence,  vindicate  the  splendid  work  you  are  doing. 

Mr.  Jennings  (Kansas).  In  regard  to  this  map  of  which  Professor 
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Swezey  has  spoken,  I  want  to  say  that  it  has  cost  me  60  cents  a  week 
all  the  season  throngh.  I,  for  one,  want  to  thank  Professor  Swezey  for 
the  explanations  he  has  given  as.  We  started  out  with  using  a  plate 
map^  we  first  got  the  idea  from  Nebraska.  The  Kansas  Farmer  printed 
it,  and  it  was  a  great  success.  We  heard  all  through  the  season  how 
that  map  was  appreciated,  but  at  the  close  of  the  season,  when  we 
stopped  it,  the  Kansas  Farmer  people  came  to  us  and  asked  us  if 
we  were  going  to  stop  putting  that  map  in  the  paper.  They  asked  if  we 
stopped  the  weekly  reports,  why  couldn't  we  give  them  a  monthly  map. 
ITow,  they  are  going  to  publish  a  monthly  map  at  their  own  expense, 
showing  the  distribution  of  the  rainfall  all  over  the  State.  The  Kansas 
Farmer  told  us  that  they  never  dreamed  that  the  subject  had  such  a 
strong  hold  upon  the  people — upon  their  subscribers — ^until  we  cut  off 
printing  that  map,  and  then  the  letters  came  pouring  in.  They  are 
now  going  to  publish  a  monthly  map,  which  came  out  for  the  first  time, 
I  believe,  in  September.  We  can  get  perhaps  200  of  these  papers  firee, 
and  distribute  them  over  the  State,  and  when  they  are  in  the  hands  of 
the  various  State  weather  service  men  we  can  increase  the  value  of  the 
weekly  bulletin. 

Mr.  Sage  (Iowa).  When  rains  are  very  local  in  character  I  do  not 
see  how  it  is  possible,  on  such  a  small  chart,  to  include  the  rainfall  of 
places  which  are  so  close  together.  This  is  the  fault  I  find  with  the 
method  of  illustrating  by  charts. 

Dr.  I.  M.  Clin  e  (Texas).  Speaking  about  the  people  getting  interested 
in  the  precipitation  charts,  I  wish  to  say  that  we  began  the  issue  of 
these  maps  in  colors  in  1891.  The  value  of  anything  is  to  be  judged 
by  the  extent  to  which  it  is  used  by  those  interested.  The  demand  for 
this  chart  became  so  great  that  the  labor  involved  in  the  preparation  of 
a  sufficient  number  of  them  necessitated  a  change  to  some  method  which 
would  require  less  labor.  As  an  illustration  of  the  practical  value  of 
these  charts  in  Texas,  a  cotton  factor  in  Galveston,  who  advances  large 
sums  of  money  each  year  on  the  crops  of  farmers  in  various  parts  of 
the  State  from  time  to  time  while  the  crop  is  making,  says  that  he 
takes  those  charts  and  hangs  them  on  the  wall  of  his  office,  and  when- 
ever a  planter  wants  money  on  his  crop  he  can,  by  a  look  at  the  rain 
charts,  determine  just  how  much  money  it  will  be  safe  to  advance  on 
the  crop.  This  is  a  single  case;  I  could  cite  a  number.  Our  i>eople 
would  not  do  without  this  chart.  In  order  to  enable  me  to  issue  the 
chalk- plate  map  it  was  necessary  to  obtain  the  assistance  of  the  news- 
papers. When  I  first  commenced  the  issue  of  the  chart,  as  already 
stated,  I  could  not  convince  them  of  its  importance,  but  they  eventu- 
ally recognized  its  valuable  features,  and  in  last  June  the  Galveston 
and  Dallas  Daily  News,  and  also  the  Semi- Weekly  News,  which  is 
issued  on  the  day  of  issue  of  our  bulletin,  commenced  the  publication 
of  the  chart,  which  gives  it  a  circulation  of  100,000  on  the  day  follow- 
ing its  issue,  and  mostly  in  small  villaji^es  and  among  farmers  where  it 
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18  of  greatest  value.  The  chart  has  ah^eady  become  such  a  prominent 
feature  of  the  bulletin  that  every  daily  paper  in  the  State  desires  to 
]>ubli8h  it.  A  paper  of  some  20,000  or  30,000  circulation,  published  50 
miles  from  Galveston,  sent  a  man  down  to  see  me  last  Friday  to  see  if 
arrangements  could  not  be  made  which  would  enable  them  to  publish 
the  chart.  I  advised  them  that  I  would  furnish  them  with  a  miniature 
map  of  Texas  ready  to  draw  from.  We  are  at  no  expense  for  this  chart 
except  the  labor  in  drawing  it,  which  is  contributed  by  myself  or  one 
of  my  assistants.  The  papers  give  us  the  base  plates,  make  the  casts, 
and  get  them  ready  for  us. 

Mr.  McGann  (New  Jersey)^  I  would  like  to  ask  the  question  whether 
it  is  considered  the  omission  of  the  reports  of  crop  correspondents 
would  detract  in  any  way  from  the  value  of  the  bulletin,  or  whether  it 
is  considered  advisable  to  publish  a  bulletin,  as  a  great  many  of  the 
services  do,  without  the  notes  from  their  correspondents! 

Mr.  Sage  (Iowa).  If  I  had  my  choice  between  the  two — as  between 
the 'bulletin  that  contained  the  reports  condensed,  as  the  correspondents 
gave  them,  or  the  one  that  contained  the  editorial  summary — I  would 
say  leave  out  the  summary  every  time.  The  people  want  reports  that 
they  can  study  as  to  their  own  and  other  localities.  These  inform  them 
of  the  condition  of  crops  in  the  agricultural  districts,  of  the  live  stock 
and  the  diseases  of  live  stock,  and  so  on,  and  the  people  are  continually 
looking  for  some  reference  to  those  things  in  the  weekly  bulletins. 
They  want  specific  information  and  not  mere  generalities. 

Mr.  MoGann  (New  Jersey).  I  have  advocated  at  previous  meetings 
the  advisability  of  all  weekly  crop  bulletins  being  published  with  refer- 
ence to  what'  the  farmers  themselves  do  and  say  relative  to  the  crops. 
If  you  do  not  publish  these  items,  then  the  weekly  bulletin  is  of  little 
value  to  them.  Its  great  valae  is  in  what  the  farmers  themselves  say 
about  the  crops.  This  is  so  as  far  as  my  State  is  concerned.  Of  course 
I  do  not  want  to  force  any  of  my  ideas  upon  you,  because  the  interests 
of  the  difterent  States  are  so  diversified  that  what  would  suit  one  State 
might  not  suit  another. 

Mr.  ToWNSEND  (Pennsylvania).  I  want  to  say  just  a  word  in  regard 
to  the  illustration  of  weekly  rainfall  by  map  shading.  I  think  it  is  mis- 
leading, particul^ly  where  the  showers  are  local  in  character,  as  they 
generally  are  in  my  own  State  during  the  summer  months.  In  connec- 
tion with  this  subject,  in  giving  the  amount  of  rainfall  I  think  we  lose 
sight  of  one  very  imi)ortant  factor  in  failing  to  give  the  character  of  the 
rainfall,  whether  heavy  or  light.  This  is  particularly  important  in  hilly 
countries  like  Pennsylvania,  where  the  light  rains  are  absorbed  by  the 
soil  while  the  heavy  downpours  run  off  rapidly  to  the  adjacent  streams. 
The  duration  of  each  rainfall  should  be  reported. 

Mr.  HfiBSET  (New  iMexico).  In  regard  to  graphically  illustrating  rain- 
fall, I  do  not  think  the  plan  well  a<lapte(l  to  New  Mexico  for  weekly 
reports,  and  for  monthly  reports  it  can  be  used  to  little  advantage. 
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Frequently  there  will  be  no  more  than  one  or  two  stations  reporting  for 
a  whole  week,  possibly  only  one  station,  and  it  would  report  from  half 
to  three-quarters  of  an  inch— just  local  showers,  it  may  be,  and  so  it 
would  really  amount  to  nothing  more  than  putting  the  figures  on  a 
blank  map  in  miiny  cases.  I  think  it  should  be  left  to  the  directors  of 
the  different  services  what  they  should  use  and  what  they  should  not. 
I  believe  it  is  a  good  plan  to  use  extracts  from  the  report*  of  the  volun- 
tary observers  in  as  nearly  their  owii  language  as  possible.  The  most 
of  the  weekly  papers  of  New  Mexico  contain  the  remarks  of  the  observ- 
ers and  tlieir  authority  for  their  remarks.  1  believe  this  plan  is  of  more 
interest  to  the  public,  and  it  also  keeps  up  the  interest  of  the  observer 
in  his  work. 

Mr.  Mitchell  (Florida).  Apropos  of  the  rainfall  relative  to  Florida,  I 
feel  sure  that  the  chart  would  be  misleading,  and  substantiate  the  theory 
by  citing  the  case  of  two  rainfall  stations  that  I  think  are  about  a  mile 
and  a  half  apart.  The  voluntary  observer  obtains  the  official  reports 
from  the  experimental  station  there,  where  the  rainfall  is  kept.  Now,  it 
has  been  my  observation  during  the  imst  five  or  six  months  that  within 
distances  of  a  mile  and  a  mile  and  a  half  there  are  many  times  2  or  3 
inches  difference  in  the  rainfall  for  these  two  places.  My  attention  has 
been  attracted  to  marked  difference  in  stations  closely  located.  During 
the  summer  months  in  Florida,  sometimes  it  rains  forty  days  and  forty 
nights  not  half  a  mile  from  the  coast;  consequently,  I  think  the  insertion 
of  the  rainfall  on  blank  maps  at  specified  stations  will  meet  all  demands 
and  will  be  more  faithful  to  the  exact  meteorological  conditions. 

Mr.  Chaffee  (Alabama).  Eegardless  of  the  question  as  to  how  the 
rainfall  data  should  be  published,  on  which  there  seems  to  be  some  diver- 
sity of  opinion,  and  coming  back  to  the  question  as  to  whether  selected 
voluntary  observers  should  not  be  given  authority  to  telegraph  State 
centers  reports  of  rainfall,  I  would  like  to  say  in  the  interest  of  the 
cotton  industry  of  Alabama,  which  is  one  of  the  greatest  cotton  grow- 
ing States,  that  I  am  sure  I  could  make  good  use  of  such  telegraphic 
reports;  they  would  enable  me  to  issue  more  exact  information  as  to 
rainfall  throughout  the  State.  I  am  sure  such  information  would  be 
very  much  appreciated  in  my  section. 

Mr.  Bate  (Tennessee).  The  character  of  the  raiys  in  our  State  is 
mostly  very  local.  I  have  looked  out  of  my  window  and  seen  a  fine 
shower  right  across  the  river  and  not  a  drop  of  water  in  my  rain  gauge; 
and  then,  on  the  other  hand,  we  have  had  showers  at  Nashville  and  the 
surrounding  country  has  not  had  a  drop.  The  best  way  I  think  is  to 
use  the  figures. 

Professor  Swezey  (^Nebraska).  That  is  very  true,  if  you  have  a 
limited  number  of  stations.  As  it  is  in  Nebraska  we  could  not  begin  to 
write  those  figures  on  these  maps;  they  would  cover  the  whole  map, 
and  of  course  if  you  were  to  put  in  the  location  of  the  rains  every  time  it 
would  be  misleading;  the  maps  would  not  hold  that  number  of  names, 
as  you  have  but  very  little  space. 


27 

The  President.  Mr.  Berry  has  had  a  great  deal  of  experience  on  the 
subject  of  rainfall  and  may  x)ossibly  have  something  to  say  to  us. 

Mr.  Bebby  (of  the  Weather  Bureau).  Mr.  President,  while  admitting 
that  any  method  of  graphic  illustration  is  open  to  objection,  I  still  believe 
that  the  scale  of  shading  adopted  by  the  national  Bureau  for  the  Monthly 
Weather  Review  and  Weather  Crop  Bulletin  affords  a  very  satisfactory 
means  of  exhibiting  the  distribution  of  rainfall.  Precipitation  measure- 
ments are  generally  recorded  in  inches  and  hundredths,  and  with  any 
considerable  number  of  reports  the  figures  would  appear  so  crowded  on 
a  map  of  small  scale  as  to  render  it  impossible  to  obtain  at  a  glance  an 
intelligent  idea  as  to  the  general  distribution  of  rainfall  which  can  be 
so  readily  seen  on  shaded  maps.  The  accuracy  of  the  charts  of  course 
dei)ends  upon  the  number  and  reliability  of  reports  and  the  competency 
of  the  person  preparing  the  map.  In  our  best  books  on  meteorology 
and  in  current  publications  on  that  subject  graphic  illustrations  are 
extensively  employed,  and  I  do  not  think  that  we  can  do  better  than 
to  continue  the  use  of  shades  for  representing  rainfall  distribution. 

Dr.  Hyatt  (Mississippi).  While  we  have  never  published  the  rain- 
fall chart  of  my  State,  I  think  it  is  important.  The  great  objection  is 
the  exi>ense  connected  with  it.  I  have  found  in  my  experience  that 
the  publication  of  the  remarks  and  names  of  correspondents  has  been 
of  great  benefit  and  interest,  and  I  have  noticed  that  the  reports  are 
rendered  more  promptly  and  more  numerously  than  before  on  account 
of  these  publications. 

Mr.  Mitchell.  (Florida).  With  reference  to  the  advisability  of  se- 
lected stations  telegraphing  rainfall  for  the  weekly  crop  bulletin,  it 
strikes  me  that  this  is  a  question  deserving  more  than  passing  notice. 
Many  stations  in  my  State  have  to  mail  reix)rts  a  little  in  advance, 
and  subsequent  to  mailing  it  is  not  infrequent  that  a  general  and 
refreshing  rain  visits  the  county,  and  under  such  circumstances  to  use 
the  dats^i  on  the  weekly  card  (which  might  indicate  need  of  moisture) 
would  be  misleading  and  do  harm.  As  it  is,  I  keep  close  watch  of  press 
telegrams,  and  with  the  general  weather  conditions  indicated  on  the 
chart  am  enabled  to  represent  matters  very  satisfactorily.  However, 
a  few  isolated  though  important  stations  could  be  selected  to  telegraph 
rainfall  with  much  advantage. 

The  Peesident.  We  will  now  proceed  with  the  third  subject, 
"Monthly  publications." 

Mr.  Chaffee  (Alabama).  As  to  the  best  form  of  publication,  which 
is  an  important  subject,  I  wish  to  say  that  it  was  my  idea  to  have  a 
double  sheet  like  that  prepared  at  the  ofiice  of  the  Bureau,  and  have 
them  printed  in  great  numbers.  The  cost  would  be  but  little.  One  page 
would  be  enough  for  all  of  the  stations,  with  the  headings  printed  in. 
I  think  that  it  is  important  that  we  should  have  something  that  we  can 
preserve  for  reference  if  necessary.  The  two  sheets  can  be  bound 
together.    I  have  used  such  sheets  for  some  time,  and  they  embrace 
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everything  that  is  found  in  the  monthly  reports.  We  ought  to  have 
these  publications  In  some  form  in  which  we  can  preserve  them. 

Mr.  McGann  (New  Jersey).  It  may  be  useful  to  some  of  the  gentle- 
men here  who  did  not  attend  the  convention  at  Brooklyn  last  year  to 
know  something  about  the  method  discussed  there  relative  to  publica- 
tions of  the  exi)erimenta]  stations.  The  director  of  tlie  State  experi- 
mental station  of  New  York  was  aske<l  to  express  his  opinion  relative 
to  the  value  of  publications  that  were  being  sent  out  by  him  in  that 
State.  He  wrote  to  the  secretary  of  the  agricultural  board  that  he 
thought  so  highly  of  the  work  that  was  being  done  that  if  the  appro- 
priation was  increased  they  would  carry  it  on.  Now,  it  may  be,  as  per- 
haps one  of  the  gentlemen  here  said,  that  if  there  was  an  appropriation 
for  this  work  more  of  us  might  undertake  to  publish  the  monthly  bul- 
letin. 

Mr.  J.  I.  WiDMEYER  (Oklahoma).  We  have  also  an  experimental 
station  in  Oklahoma,  which  is  located  in  the  northern  part  of  the  Ter- 
ritory. The  director  of  that  station  offered  me  $600  if  I  would  move 
my  station  u]>  to  his  place  and  prepare  the  meteorological  data  for  them 
tx)  print.  I  have  always  been  sorry  that  I  was  not  so  situated  that  I 
could  avail  myself  of  the  offer,  because  it  would  have  been  of  great 
benefit  to  the  Territory.  Our  publication  is  about  the  size  of  that  used 
in  Texas,  and  on  tiie  first  page  we  have  the  names  of  the  voluntary 
observers,  which  is  used  for  the  benefit  of  the  observers  themselves. 
We  get  their  remarks  as  far  as  we  can,  but  the  chief  feature  of  our 
bulletin  is  the  manner  in  which  the  rainfall  is  presented.  We  have  it 
so  that  we  get  it  up  in  the  shortest  form  possible,  as  we  find  this  is  the 
most'convenient  for  reference.  There  are  so  many  x>eople  coming  in 
from  day  to  day,  and  they  all  want  to  know  the  amount  of  rainfall. 
We  publish  this  bulletin  in  Oklahoma  without  any  cost  to  the  national 
Bureau. 

Dr.  1.  M.  Gline  (Texas).  I  think  the  bulletin  we  issue  is  about  the 
uniform  size,  or  standard  size,  for  such  publications,  and  contains  the 
data  most  desired  for  file  and  reference,  namely,  the  daily  maximum 
and  minimum  temperatures  and  the  daily  precipitation.  While  our 
bulletin  is  printed,  it  is  not  impracticable  for  those  who  prepare  their 
bulletins  by  some  duplicating  process  to  make  them  of  the  same  dimen- 
sions (although  they  may  contain  different  data  if  desired)  so  that  the 
bulletins  of  the  various  State  services  can  be  bound  together.  The 
question  of  prompt  issue  of  these  bulletins  is  also  another  important 
one,  and  I  think  we  should  give  much  attention  to  it. 

After  Dr.  Oline's  remarks  the  convention  ad^journed  until  10  a.  m., 
October  17. 

DISCTTSSION  AT  THTJBSDAY  MORNING  SESSION. 

The  President.  The  convention  will  now  come  to  order,  and  we  will 
proceed  with  the  fourth  subject  of  our  programme,  ^^  distribution  of 
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forecasts."  The  members  of  the  association  are  at  liberty  to  discuss 
any  one  of  the  heads  given. 

Mr.  ToWNSBND  (Pennsylvania).  This  is  a  matter  I  have  had  under 
consideration  for  some  time,  because  I  believe  the  use  of  flags  will  be 
greatly  improved  ui)on ;  therefore  I  have  submitted  to  this  convention, 
in  the  simplest  form  in  which  it  can  be  constructed,  this  semaphore, 
which  I  wish  to  explain.     [The  semaphore  was  here  exhibited.] 

The  "Semaphore  weather  signaP  consists  of  a  weather  vane  and  disc 
so  connected  by  an  arm  that  the  disc  can  be  revolved  and  retained  in 
any  desired  position. 

By  it  eight  distinct  combinations  can  be  given  that  are  determined 
by  relative  positions  of  the  disc  to  the  vane,  and  tliey  are  easily  dis- 
tinguished and  understood,  because  they  are  suggestive  of  the  weather 
conditions — higher,  lower,  stationary  temperature,  or  a  cold  wave,  with 
fair  weather,  rain,  or  snow. 

As  a  combination  signal  its  visibility  is  greater  than  that  of  flags, 
cones,  or  drums,  because  the  element  of  position  only  is  all  that  is 
necessary  to  determine  to  understand  the.combination. 

It  is  distinctive  in  character,  simple  in  construction,  easy  to  manipu- 
late, and  not  liable  to  get  out  of  order. 

In  point  of  durability  and  economy  it  will  outlast  several  sets  of 
flags  at  a  much  less  cost. 

By  the  use  of  electric  lights  it  can  readily  be  made  a  night  signal. 

Question.  What  would  be  the  cost  of  such  an  instrument? 

Mr.  TowNSEND  (Pennsylvania).  Well,  that  of  course  depends  upon 
how  it  is  constructed;  but  they  can  probably  be  made  for  about  $2. 
It  is  so  simple  in  construction  that  most  anybody  could  make  one  with 
a  little  effort.  I  do  not  claim  it  is  in  any  way  superior  or  inferior  to 
flags,  but  I  think  it  has  advantages  that  flags  have  not. 

Mr.  Salisbury  (Washington).  May  I  ask  if  the  semaphore  is  sup- 
posed to  assume  a  certain  position,  or  if  there  is  a  mechanism  for  the 
purpose  of  revolving  it  horizontally! 

Mr.  ToWNSEND  (Pennsylvania).  There  is  no  mechanism  for  revolv- 
ing it  horizontally. 

Mr.  Salisbury  (Washington).  I  do  not  wish  to  speak  discouragingly 
of  this  design  of  semaphore,  which  has  evidently  taken  much  thought 
and  has  admirable  x>oints,  but  as  I  understand  its  construction  I 
will  say  that  I  do  not  think  it  will  accomplish  the  x)urpose  of  indicat- 
ing weather  signals  as  w^ell  as  flags,  for  the  following  reasons :  The 
semaphore  is  not  well  adapted  for  indicating  signals  to  points  directly 
before  or  behind  it,  as  on  railroads.  When  behind  it  the  signal  is  re- 
versed, which  is  a  disadvantage.  The  plane  of  greatest  visibility  is  at 
right  angles  to  the  plane  of  the  semaphore,  and  the  visibility  decreases 
as  the  angle  decreases,  until  at  zero,  or  180°,  the  signal  becomes  i)racti- 
cally  indistinguishable,  as  is  the  case  with  any  flat  object  viewed  on 
^ge,    Tbi3  I  regard  as  a  ftmdameutal  objection,    No,  I  do  not  think 
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flags  have  this  defect  to  the  same  degree.  It  is  hard  to  choose  a  position 
from  which  either  the  form  or  the  color  of  the  flags  can  not  be  deter- 
mined^ no  matter  what  the  wind  direction.  I  am  not  a  defender  of  the 
flag  system,  but  if  a  change  is  made  it  should  be  to  something  better. 

Professor  Moobe  (Chief  of  Weather  Bureau).  I  think  Mr.  Salisbury 
has  stated  a  very  serious  objection  to  the  semaphore. 

Mr.  Chaffee  (Alabama).  It  seems  to  me  the  objection  as  to  the 
visibility,  or  rather  the  invisibility,  of  the  semaphore  signal  could  be 
easily  remedied  by  having  the  tail  of  the  semaphore  composed  of  two 
pieces  of  plank,  to  be  spread  out  at  the  outer  ends  like  the  tail  of  a 
wind  vane;  then  have  a  ball  in  place  of  a  disc,  as  now  shown;  this  ball 
could  pass  between  the  two  pieces  of  the  tail  when  moved  above  or 
below  it;  such  an  arrangement  would  make  the  signal  thoroughly  visi- 
ble from  all  directions. 

Mr.  Mitchell  (Florida).  I  believe  almost  any  change  would  be  an 
improvement  on  the  present  system.  Flags  soon  become  soiled  and 
worn,  and  after  the  lapse  of,  say  a  year,  are  unsightly.  In  the  interior 
of  Florida  there  are  many  days  when  the  flags  indicate  nothing — not 
being  seen,  due  to  lack  of  wind. 

Mr.  TowNSEND  (Pennsylvania).  Whatever  may  be  the  value  of  any 
work  done  by  the  Weather  Bureau  with  the  general  public  none  ranks 
in  importance  with  that  of  forecasting.  This  is  daily  demonstrated  by 
the  desire  manifested  to  obtain  the  foreca-sts.  Years  of  constant  and 
well  directed  eftbrt  has  developed  the  present  extensive  system  of  dis- 
tribution, which  is  highly  creditable  to  the  Bureau,  but  the  limit  has 
not  been  reached,  and  the  experience  of  those  engaged  in  State  service 
work  should  enable  them  in  replying  to  questions  b  and  c  of  the  pro- 
gramme to  make  practical  suggestions  in  the  line  of  imjirovement.  I 
submit  the  following  for  consideration : 

{b)  Should  flags  be  disjilayed  to  represent  forecasts  for  the  current 
day? 

I  answer,  yes;  but  all  displays  should  be  so  made  that  the  i)ublic  will 
know  exactly  what  time  is  covered  by  the  forecast.  I  find  under  the 
present  system  of  display  a  lamentable  lack  of  definiteness  in  their 
interpretation,  and  to  remedy  this  defect  I  suggest  that  all  displays 
from  early  morning  to  1  p.  m.  shall  be  a  forecast  of  the  weather  condi- 
tions for  the  current  day,  and  all  displays  from  1  p.  m.  to  dark  shall  be 
for  the  ensuing  day. 

(e)  Can  forecasts  be  given  wider  dissemination  in  rural  districts,  and 
what  can  be  done  to  prove  the  value  of  forecasts  in  sections  where  they 
are  not  utilized? 

Districts  remote  from  mail  and  telegraphic  facilities  can  only  be 
reached  by  a  concerted  system  of  signal  duplication.  This  is  entirely 
practicable  where  the  residents  at  proper  distances  from  each  other 
will  erect  and  display  signals  similar  to  the  one  that  should  be  copied. 
By  properly  organized  efforts  on  the  part  of  those  who  desire  to  avail 
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themselves  of  the  benefits  to  be  derived  from  the  daily  information  far- 
nished  by  the  Bureau,  there  is  practically  no  limit  to  the  territory  that 
can  be  rapidly  covered  by  information  signals  at  a  small  cost  and  with 
very  little  labor. 

Farmers  should  willingly  bear  a  part  of  the  voluntary  service  that  is 
daily  performed  for  their  benefit,  particularly  when  the  information  to 
be  transmitted  is  of  practical  value  to  them  and  their  neighbors  located 
so  remote  from  telegraphic  and  mail  facilities  that  their  district  can  not 
be  reached  with  the  desired  information  without  their  cooperation.  To 
insure  correct  and  prompt  displays  at  the  distributing  center  the  dis 
play  man  at  that  i>oint  should  be  paid  a  small  salary. 

For  such  displays  the  semaphore  signalis  undoubtedly  better  than 
dags,  because  of  its  greater  visibility  and  lack  of  dependence  on  strong 
winds  for  its  proper  exiwsure.  Besides,  when  once  constructed  it  should 
last  a  long  time  without  sensible  change  and  always  be  ready  for  imme- 
diate use.  Its  ease  of  manipulation  enables  almost  anyone  to  make  the 
necessary  changes  in  the  combinations. 

In  answer  to  the  last  paragraph  in  (c),  a  little  experience  will  prove 
the  value  of  the  forecasts  where  they  are  not  now  utilized. 

(d)  Sliould  not  forecasts  be'telegraphed  to  daily  i)aper8  of  small  cities 
to  avoid  use  of  obsolete  forecasts  given  in  plate  matter  used  in  make-up? 

Yes.  As  daily  papers  are  necessarily  dependent  on  large  subscription 
lists  and  good  mail  facitities  for  their  support,  it  necessarily  follows 
that  they  are  among  the  best  and  cheapest  means  for  the  x)rompt  dis- 
semination of  forecasts. 

(e)  Value  of  the  logotype  system. 

This  is  an  economical  manner  of  distribution,  and  in  most  cases  has 
been  found  satisfactory. 

Professor  Huston  (Indiana).  I  think  it  is  a'  matter  of  some  impor- 
tance to  know  for  what  i)uri)ose  the  forecasts  are  used.  1  was  very 
much  surprised  to  learn  this  summer  that  in  Fayette  County,  this 
State,  which  is  about  60  miles  from  here,  there  were  extensive  tobacco 
crops  being  raised  which  represented  a  high  monetary  value.  I  hap- 
I)ened  to  be  down  there  in  the  fall,  and  I  asked  a  man  who  owned  one  of 
the  large  crops  if  they  received  any  warnings  or  forecasts  there,  and  he 
said  no.  I  told  him  at  that  time  that  he  had  better  get  hi  s  tobacco  in  then 
as  quickly  as  possible;  and  when  later  I  was  down  there  again  I  found 
that  he  had  taken  my  advice,  and  that  he  had  it  all  cut  and  in  the 
house.  I  think  we  should  use  much  care  in  finding  out  what  new  crops 
are  being  raised.  I  know  of  extensive  pickle  industries  going  up,  and 
also  many  others  recently  coming  in  which  are  more  than  usually  sen- 
sitive to  unusual  weather  conditions,  and  I  believe  it  is  no  small  part 
of  the  business  of  the  weather  service  to  kee])  posted  on  these  new 
things.  Of  course  when  a  State  is  in  the  extreme  north  or  the  extreme 
south  that  it  is  not  so  easy,  and  can  not  so  easily  be  kept  track  of;  but 
the  central  part  is  where  changes  occur  quite  rapidly  in  the  system  of 
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agriculture,  and  that  of  course  means  a  change  in  the  nature  of  the 
forecasts  that  are  to  be  made  for  this  section. 

Mr.  Frank  Burkjs  (Kentucky).  In  regard  to  the  tobacco  crop  in 
our  State,  ordinarily  we  do  not  have  a  frost  that  will  do  any  damage 
to  it  once  in  four  or  five  years.  The  crops  as  a  rule  are  nearly  housed 
by  the  15th  of  September;  that  can  almost  be  depended  upon.  I  think 
the  damage  that  was  reported  this  year  was  largely  individual  and  not 
at  all  general;  there  may  have  been  some  certain  localities  where  the 
crop,  owing  to  unfavorable  conditions,  was  set  out  late,  and  it  was 
damaged.  But  I  had  rex>orts  from  some  reliable  correspondents  and 
voluntary  observers  saying  that  th^e  was  in  their  section  of  the  State, 
southern  half,  not  more  than  5  x)er  cent  of  damage  to  the  tobacco,  and^ 
I  was  also  informed  by  the  secretary  of  the  tobacco  board  of  trade  that 
this  was  so,  and  his  statements  corroborated  those  of  the  correspondents. 
The  last  frost  of  September  30,  which  was  very  general,  was  forecasted 
in  time  to  reach  us,  but  unfortunately  it  reached  us  on  Sunday  morn- 
ing. I  succeeded  in  getting  word  to  some  of  the  stations,  but  most  of 
the  telegraphic  stations  were  closed,  and  of  course  much  damage  wsis 
done.  I  do  not  think  the  conditions  warranted  the  forecast  being  sent 
out  on  Sunday  morning. 

Mr.  H.  W.  Richardson  (Ohio).  In  our  State  I  knew  pretty  well 
that  most  of  the  crops  had  been  cut  and  housed,  and  so  it  did  not  do 
much  damage.  I  tried  to  reach  some  of  the  stations  in  the  southern 
part  of  the  State,  and  also  in  the  vicinity  of  some  of  the  northern 
counties,  but  I  did  not  succeed  very  well. 

Mr.  Hackett  (Missouri).  1  wish  to  say  a  word  with  regard  to  the 
distribution  of  forecasts  by  the  logotype  system.  I  think  that  better 
service  would  result  if  the  forecast  messages  sent  to  distributing  dis- 
playmeu  were  so  worded,  in  all  cases,  that  they  could  be  exactly 
duplicated  with  the  logotypes  furnished  them.  Very  few  of  the  dis- 
playmen  have  time  to  write  in  words  on  the  cards  with  j>en  or  pencil, 
and  when  forecast  telegrams  contain  words  not  included  in  the  logo- 
type vocabulary  some  try  to  change  the  wording  of  the  forecast,  while 
others  omit  a  portion.  As  a  rule,  probably  less  than  a  dozen  x)eople  see 
the  original  telegram,  while  the  forecast  as  printed  on  the  cards  is  read 
by  thousands.  The  forec€kst  official,  or  the  official  in  charge  of  the 
station  from  which  the  forecast  is  telegraphed  to  the  displayman,  is 
better  able  to  determine  the  words  of  the  logotype  vocabulary  which 
will  best  convey  the  information  contained  in  the  forecast,  and  I  think 
that  in  all  cases  the  message  sent  to  the  displayman  should  be  so 
worded  that  he  will  be  able  to  duplicate  it  exactly. 

Mr.  LiNNEY  (Illinois).  I  have  found  very  great  difficulty  in  instruct- 
ing the  displaymen  what  flags  to  put  up — whether  for  the  day  before  or 
the  day  following.  It  seems  to  me  that  some  better  rule  than  we  have 
at  present  should  be  adopted.  The  information  that  it  is  desired  to 
give  the  i)eople  will  be  given  to  a  great  many  more  i)eople  by  having 
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the  flags  for  to-monow  displayed  instead  of  for  to-day,  but  we  have  the 
trouble  of  not  receiving  our  forecasts  until  about  12  o'clock.  Another 
difficulty  is  insufficiency  of  words  in  the  forecast  vocabulary.  Often- 
times the  meaning  of  the  forecasts  when  telegraphed  are  not  clear  on 
this  account. 

Mr.  Salisbury  (Washington).  The  forecasts  are  often  so  worded 
that  displaymen  find  it  difficult  to  determine  what  flag  or  combination 
the  forecaster  desires  or  intends  to  be  hoisted.  I  hav^  encountered  the 
same  difficulty  myself,  and  it  is  likely  that  displaymen  with  limited 
experience  are  more  frequently  unable  to  decide  correctly  or  with  cer- 
tainty. I  advise  the  addition  of  two  words  to  the  message  containing 
the  forecast  which  would  designate  exactly  the  flags  desired  hoisted* 
It  might  be  done  by  one  cipher  word  if  a  code  were  furnished  the  dis- 
playman.  The  additional  cost  would  only  be  trifling;  in  most  cases  it 
would  not  add  at  all  to  the  present  cost. 

Mr.  Bbonson  (iNTorth  Dakota).  Eeferring  to  the  size  of  the  card,  it 
may  be  well  to  encourage  any  change  tending  to  reduce  its  size.  The 
cards  are  so  large  that  they  become  torn  and  ragged  in  being  tied 
together  with  other  mail,  and  when  they  reach  us  present  a  very  untidy 
appearance.    I  think  they  should  be  cut  to  the  size  of  ordinary  mail. 

Mr.  Bate  (Tennessee).  I  do  not  think  th^  cards  are  too  large,  and  if 
they  are  torn  it  is  through  the  carelessness  of  the  postal  officials.  But 
I  do  think  there  should  be  some  improvement  in  the  quality  of  the  paper 
used.  They  use  paper  now  that  is  very  easily  torn  and  mutilated.  I 
think  the  present  style  of  card  is  very  good  for  the  purpose  for  which  it 
is  used,  and  is  distinguished  from  the  ordinary  postal  card. 

Mr.  Mitchell  (Florida).  Regarding  the  card  in  current  use,  my 
attention  was  called  to  its  abnormal  size,  when  compared  with  the 
ordinary  postal  and  letters,  by  the  postal  clerks,  who  explained  that 
cards  were  cut  by  the  tiestrings  owing  to  the  difference  in  size  of  the 
mail  matter.    The  present  cards,  however,  give  good  service. 

Mr.  Chaffee  (Alabama).  I  have  a  suggestion  to  make  relative  to  the 
question,  <'Can  any  improvement  be  made  in  the  present  system  of 
forecast  distribution!"  I  would  suggest  that  through  the  cooperation 
of  the  Post-Office  Department  our  weather  forecasts  might  be  printed 
on  mail  matter  as  a  part  of  the  postmark.  My  idea  is,  that  postmasters 
be  furnished  some  simple  outfit  with  which  they  could  stamp  the  weather 
forecasts  as  part  of  the  receiving  postmark  on  letters,  etc.,  delivered 
through  their  offices.  Eight  above  the  present  postmark  should  appear 
the  words,  "Weather  to-morrow,"  then  the  weather  and  temperature 
forecast  expressed  in  two  words,  as  "Fair,  colder,"  "Rain,  warmer," 
"Clear,  cold  wave,"  etc.,  these  words  to  be  made  as  logotypes  which 
could  be  interchanged  with  little  trouble. 

This  would  entail  no  extra  work  on  the  postmasters,  and  to  my  mind, 
would  secure  an  unprecedented  distribution  of  weather  forecasts  and 
warnings.    If  the  present  weather  signals  of  two  flags  convey  informa- 
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tion  of  any  value,  and  they  certainly  do,  then  two  words  printed  as 
suggested  will  convey  even  more.  When  we  stop  to  consider  the  many 
million  pieces  of  mail  handled  by  the  Post-Offlce  Department — and 
while  we  could  not  expect  to  print  our  forecasts  on  all  of  them,  if  they 
can  appear  on  even  a  part  we  will  be  doing  much  to  familiarize  the 
public  with  the  Weather  Bureau  and  to  extend  its  benefits. 

Mr.  Mitchell  (Florida).  In  keeping  with  the  ingenuity  character- 
istic of  the  gentleman  from  Alabama,  I  think  his  suggestion  a  good  one, 
and  its  adoption  will  be  a  significant  medium  in  disseminating  the  daily 
forecasts. 

Mr.  Chaffee's  suggestion  was  very  favorably  received,  and  provoked 
considerable  discussion,  Messrs.  Huston,  Hersey,  Salisbury,  Olark, 
McGann,  Mitchell,  Bate,  Berry,  Glenn,  and  Widmeyer  participating 
therein. 

On  motion  of  Mr.  Hersey,  a  committee,  consisting  of  Messrs.  Glenn, 
Townsend,  and  Chaffee,  the  latter  as  chairman,  was  appointed  by  the 
president  to  thoroughly  investigate  the  practicability  and  benefits  of 
Mr.  Chaffee's  suggestion,  and  to  report  to  the  president.  The  report  of 
the  committee  will  be  found  at  the  close  of  this  pamphlet. 

PROCBEDrNaS  AT  THURSDAY  AFTERNOON   SESSION. 

A  number  of  the  delegates  desiring  to  leave  on  trains  departing 
during  the  afternoon,  it  was  decided  not  to  undertake  the  discussior 
of  the  last  two  subjects,  but  to  close  the  convention  after  the  election 
of  officers. 

Mr.  T.  B.  Jennings,  in  charge  of  the  Kansas  weather  service,  offered 
the  following  resolution: 

Resolved,  That  iii  view  of  the  fact  that  the  Hon.  J.  Sterling  Morton^  Secretary  of 
Agri culture,  has  not  only  faithfully  stood  hy  civil-seryice  regulations,  hut  has 
observed  the  true  spirit  of  the  law  in  filling  such  places  in  the  national  Weather 
Bureau  as  by  reason  of  rank  and  salary  were  outside  the  pale  of  that  law,  and  has 
even  selected  the  head  of  the  Service  from  the  ranks  of  its  practical  workers,  that 
the  American  Association  of  State  Weather  Services  expresses  its  gratification,  and 
recognizes  the  benefits  which  must  accrue  to  the  public  service  by  applying  such 
economical  and  business  principles  to  the  administration  of  a  great  weather  service. 

The  President.  Before  submitting  this  resolution  to  a  vote,  I  desire 
to  express  ray  hearty  concurrence  in  the  sentiments  embodied  therein. 
I  wish  to  congratulate  this  association,  the  Weather  Bureau,  and  the 
country  at  large  upon  the  selection  of  the  Chief  of  Bureau  "from  the 
ranks  of  its  practical  workers.''  We,  as  members  of  the  American  Asso- 
ciation of  State  Weather  Services,  can  appreciate  the  advantages  that 
our  organization  will  receive  by  placing  one  of  our  number  at  the  head 
of  the  Weather  Bureau,  as  our  very  existence  depends  upon  hearty  coop- 
eration with  the  national  Bureau.  Our  worthy  Ohief,  having  a  thorough 
knowledge  of  the  value  of  the  State  weather  service  work,  can  not  fail  to 
lend  that  aid  and  support  so  necessary  to  secure  future  success  and  use- 
fulness.   The  employees  of  the  Weather  Bureau  are  to  be  congratulated; 
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because  this  selection  assures  them  that  there  is  a  future  for  every 
employee,  and  that  attention  to  duty  and  efficiency  are  certain  to  lead 
to  advancement.  In  my  judgment,  no  better  selection  could  have  been 
made  for  this  important  position,  and  it  will  prove  an  object  lesson  to 
the  workers  in  the  Weather  Bureau  which  can  not  but  result  in  extend- 
ing the  usefulness  of  the  service.  Professor  Moore  owes  his  position 
to-day  especially  to  his  proficiency  in  forecast  work,  and  this,  coupled 
with  the  fact  that  he  possesses  that  judgment,  energy,  and  execative 
ability  which  enable  him  to  widely  disseminate  forecasts  and  storm 
warnings  of  sjiecial  importance  when  and  where  they  would  prove  bf 
greatest  value.  It  was  his  excellent  forecast  work,  combined  with  what 
I  may  call  his  efficient  outside  work,  which  attracted  the  attention  of 
the  public  and  the  authorities  and  commended  him  for  the  position 
which  he  holds.  The  country  at  large  is  to  be  congratulated  upon  the 
selection  of  such  a  Ohief,  for  the  reason  that  the  past  record  of  Profes- 
sor Moore  is  an  indication  that  the  importance  of  the  practical  as  well 
as  the  technically  scientific  work  will  be  especially  emphasized  during 
his  administration,  and  I  am  confident  that  no  opportunity  will  be  lost 
to  improve  the  forecast  work  of  the  Bureau  and  secure  wider  distribu- 
tion of  its  information  for  the  benefit  of  the  public.  I  feel  sure  that 
this  resolution  will  have  the  unanimous  support  of  the  convention.  I 
hope  to  have  opportunity  to  render  Professor  Moore  loyal  support  in 
his  efforts  to  increase  the  efficiency  of  the  Weather  Bureau. 

The  resolution  offered  by  Mr.  Jennings  was  unanimously  adopted. 

Mr.  Bate  (Tennessee)  spoke  in  behalf  of  holding  the  meeting  of  1896 
in  his  State  at  Nashville,  and  in  connection  therewith  presented  the 
following  communications: 

State  of  Tennessee,  Executive  Chamber, 

Niuhville,  October  14, 1895, 

American  Assoeiatian  of  State  Weather  Services,  Indianapolie,  Ind, 

Gentlemen  :  Permit  me,  on  behalf  of  the  State  of  Tennessee,  to  invite  you  to 
hold  yonr  next  meeting  in  the  city  of  Nashville.  The  State  of  Tennessee  will  cele- 
brate the  one  handredth  anniversary  of  its  admission  into  the  Union  by  holding  a 
grand  exposition  in  the  city  of  Nashville  during  the  autumn  of  1896.  Our  people 
are  making  elaborate  preparations  to  receive  and  entertain  all  visiting  associations, 
and  it  is  the  desire  of  the  people  of  the  State,  expressed  through  me,  that  the  mem- 
bers of  your  association  give  us  the  pleasure  of  your  presence  at  some  time  during 
the  continuance  of  the  exposition. 

Yours,  very  truly,  P.  Tukney,  Governor. 


Office  of  the  Mayor, 
yaehville,  Tenn.,  October  i,  1896. 

American  Aesociation  of  State  Weather  Services,  Indianapolis,  Ind. 

Gentlemen  :  We  take  great  pleasure  in  indorsing  the  invitation  extended  by  the 
chamber  of  commerce  to  your  honorable  body  to  hold  your  next  annual  meeting  in 
this  city— our  centennial  year.  We  will  see  that  you  receive  a  most  cordial,  hearty 
greeting,  and  that  your  stay  shaU  not  only  be  pleasant  but  profitable  to  each  of  you 
individually. 

Very  respectfully^  Gsoboe  B.  Guild,  Mayor. 
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Gominunications  were  adso  received  through  Mr.  Bate  from  the  pres- 
ident of  the  city  council  of  Nash  ville,  the  chairman  of  the  board  of  public 
works,  the  chairman  of  the  chamber  of  commerce,  and  the  director-gen- 
eral of  the  Tennessee  Centennial  Exi)osition.  The  success  of  the  Indian- 
apolis convention  being  largely  attributable  1.0  the  central  location  of 
Indianapolis,  and  Nashville  possessing  practically  the  same  advantages, 
it  was  decided  without  opposition  to  hold  the  convention  of  1896  in  the 
latter  city. 

Upon  motion,  the  following  resolution  was  adopted : 

"Resolved,  That  a  vote  of  than  kg  be  tendered  the  ludianapolis  Board  of  Trade  for 
their  warm  welcome  and  magnificent  entertainment  of  the  niemberB  of  the  American 
Association  of  State  Weather  Services  daring  its  convention  in  their  city  October 
16  to  n,  1895,  which  the  members  of  the  association  will  long  cherish  as  the  most 
marked  attention  yet  paid  them  by  any  commercial  body  or  other  organization  since 
the  establishment  of  the  association. 

Besolved,  That  the  secretary  of  this  association  be  instracted  to  forward  to  the 
president  of  the  Board  of  Trade  of  Indianapolis  a  copy  of  these  resolutions. 

Letters  were  received  from  many  voluntary  observers  and  others 
cooperating  with  State  weather  services,  expressing  regret  that  they 
were  unable  to  attend  the*  convention. 

A  number  of  interesting  papers  were  also  presented,  and  it  is  regretted 
that  it  will  be  impracticable  to  publish  several  possessing  much  merit. 
Those  given  at  the  end  of  this  report  will  doubtless  prove  of  much  inter- 
est to  all  interested  in  State  weather  service  work. 

The  following  officers  were  elected  to  serve  for  the  ensuing  year: 
President,  Maj.  H.  H.  0.  Dun  woody;  first  vice-president,  Mr.  U.  C. 
Bate;  second  vice-president,  Mr.  F.  H.  Brandenburg;  secretary,  Mr. 
James  Berry;  executive  committee,  Messrs.  E.  A.  Beals,  I.  M.  Oline,  and 
B.  H.  Bronson. 

The  election  of  officers  concluded  the  work  of  the  convention,  which 
was  adjourned  to  meet  in  Nashville,  Tenn.,  in  the  autumn  of  1896,  the 
date  to  be  determined  by  the  i)resident  and  executive  committee. 


BIOORAPHICAI.  BKBTCH  OF  INCRBA8E  AU.BN  LAPHAM. 

By  his  daufrlitor,  MIrb  Julia  A.  Lapham. 

Increase  Allen  Lapham,  to  whom  the  country  ia  largely  indebted  for  the  oHtablish- 
ment  of  the  United  States  Weather  Horean,  was  from  his  earliest  boyhood  a  lover 
and  student  of  nature.  He  was  one  of  a  large  family  of  children,  and  obliged  from 
the  early  age  of  thirteen  to  contribute  his  share  toward  the  support  of  the  family. 
While  working  with  his  father  (who  was  assistant  engineer  on  the  Schuylkill  and 
Erie  canals)  at  Lockport,  Dr.  Lapham  collected  his  first  fossils,  which  were  the 
foundation  of  his  fine  collection  that  became  the  property  of  the  State  of  Wisconsin 
in  1876,  after  his  death,  and  was  bnmed  in  Science  Hall  of  the  State  UniTcrsity  in 
1884. 

In  1827  the  family  moved  to  Shippingsport,  Ky.,  and  the  son  became  a  rodman  on 
the  LouisviUe  and  Portland  Canal,  with  the  understanding  that  he  should  attend  the 
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Jefferson  Seminary,  then  under  the  charge  of  Mann  Butler,  the  historian,  when  his 
services  were  not  required  on  the  canal.  Very  soon  the  canal  duties  occupied  all  of 
his  time,  and  all  thoughts  of  school  were  given  up. 

It  was  one  of  the  great  disappointments  of  his  life  that  he  could  not  secure  a  col- 
lege education.  An  occasional  day  at  school  was  all  the  time  that  could  be  spared 
from  the  duty  of  earning  his  own  living  and  assisting  in  maintaining  the  home. 
His  only  education  was  acquired  by  reading,  observation,  and  a  life-long  correspond- 
ence with  men  like  Sllliman,  SulllTant,  Isaac  Lea,  Darlington,  and  Joseph  Henry, 
who  had  become  interested  in  him  by  the  exchange  of  specimens  from  his  Western 
home. 

Dr.  Lapham  was  a  careful  reader  of  all  scientific  books  obtainable,  and  in  1827 
became  a  subscriber  and  writer  for  SlUlman's  Journal. 

On  receiving  his  first  article,  written  when  only  16  years  of  age.  Prof.  Benjamin 
Sllliman  ^nrote:  ''It  speaks  well  for  your  habit  of  observation,  unusual  in  one  so 
young.  Time  will  (perhaps  sooner  than  you  realize)  remove  the  difficulty  of  youth, 
and  I  trust  you  will  improve  year  by  year  in  everything  wise  and  good  and  become 
a  blessing  to  your  fellow-men.''  Almost  a  prophecy,  as  he  lived  for  others  more  than 
himself;  was  ever  ready  with  kind  sympathy  for  all. 

A  very  voluminous  correspondence  was  carried  on  between  Dr.  Lapham  and  an 
older  brother,  also  an  engineer,  and  Interested  in  the  sciences.  Every  walk  to  Louis- 
ville, or  along  the  bank  of  the  canal  ou  his  daily  rounds,  furnished  matter  for  these 
letters ;  some  new  flower  discovered,  an  unusual  number  or  variety  of  birds,  a  rotten 
log  turned  over  revealing  a  new  shell,  some  Indian  relics  thrown  out  by  the  work- 
men making  the  canal  excavation,  or  possibly  a  sketch  of  some  Improvement  in  locks 
or  bridges,  the  plan  for  a  railroad  around  the  Falls,  or  an  account  of  an  excursion 
with  Victor  Audubon  to  collect  specimens  for  his  distinguished  father. 

The  curiosity  of  these  brothers  was  excited  by  the  bowlders  scattered  over  the 
country.  Every  locality  in  which  they  lived  was  explored  and  notes  made  to  be  dis- 
cussed in  following  letters.  Not  being  satisfied  with  the  theory  that  an  immense 
lake  at  one  time  covered  the  country,  as  there  were  no  barriers  to  raise  the  water 
to  the  height  necessary  to  cover  the  highest  bowlders — nor  yet  with  the  idea  that 
bowlders  were  created  where  found,  or  were  thrown  out  by  volcanoes  or  earthquakes, 
they  formed  theories  of  their  own. 

That  meteorology  and  kindred  subjects  were  of  interest  to  him  in  these  early  years 
is  shown  by  the  frequent  mention  of  the  state  of  the  weather  in  his  diaries  and  let- 
ters, and  comparisons  with  other  years  and  places. 

The  temperature  of  the  Ohio  River,  especially  during  the  flood  of  1828,  was  taken 
at  the  surface  and  below  and  compared  with  the  temperature  of  the  air. 

The  following  table  of  Dr.  Lapham's  observations  at  Shippingsport  was  published 
in  The  Focus,  a  Louisville  weekly  paper,  in  1827.  Later,  he  kept  and  published  each 
month  a  record  of  the  thermometer;  no  copy  of  these  records  is  in  existence  unless 
in  some  file  of  The  Focus  or  the  Louisville  Public  Advertiser  for  1828-29 : 


September  15-30, 1827 

Oolob«r,1827 

Kovember,  1827 

December,  1837 


Fair 

Variable 

days. 

days. 

8 

8 

9 

7 

6 

6 

5 

3 

Cloady 
days. 


4 
16 
18 
23 


When  l>r.  Lapham  arrived  in  Milwaukee,  in  1836,  he  began  a  study  covering  the 
whole  of  his  adopted  State.  In  its  climate  he  was  specially  interested  as  possessing 
some  peculiar  features  arising  from  the  topographical  and  geographical  position  of 
the  State,  occupying  as  it  does  a  portion  of  the  two  great  valleys  of  the  continent — 
the  Great  Lakes  and  the  Mississippi.  This  interest  led  to  the  publication  of  the  map 
of  Wisconsin  with  the  isothermal  lines. 
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As  a  member  of  the  Milwankee  Lyceum,  in  early  days,  he  was  appointed  meteor- 
ological observer,  to  note  and  report  at  the  meetings  each  week  the  wind,  the  rain» 
and  the  temperature;  and  as  a  voluntary  observer  he  continued  this  worl(  until  the 
organization  of  the  meteorological  work  of  the  Signal  Service,  frequently  in  threat- 
ening weather  taking  hourly  and  half-hourly  observations. 

Dr.  Lapham's  interest  in  the  eftect  of  storms  on  Lake  Michigan  was  soon  aroused, 
and  a  list  of  disasters  was  prepared  by  him  and  Mr.  F.  Randall  in  January,  1842, 
for  a  report  to  the  trustees  of  the  town  of  Milwaukee  on  the  commerce  and  nav- 
igation of  Lake  Michigan.  The  list  extended  from  January,  1834,  to  January,  1842, 
and  considering  the  small  number  of  vessels  on  the  lakes  in  those  early  times,  was 
appalling — 118  lives  were  lost,  $1,052,450  worth  of  property  destroyed,  and  89  vessels 
more  or  less  injured. 

In  1848,  as  one  of  the  faithful  band  of  observers  for  the  Smithsonian,  working  for 
the  love  of  science  and  the  good  of  his  fellow-men,  he  suggested  to  Prof.  Joseph 
Henry  that  much  more  satisfactory  results  might  be  obtained  in  securing  elevations 
by  simultaneous  observations  on  standard  instruments  at  the  same  level  whenever 
possible,  and  also  suggested  that  instruments  be  furnished  the  Milwaukee  High 
School. 

By  means  of  observations  taken  every  three  hours  during  the  month  of  August, 
1849,  Dr.  Lapham  discovered  that  there  was  a  lunar  tide  on  Lake  Michigan.  He 
published  this  fact  in  the  Milwaukee  Sentinel  and  Gazette  of  September  3,  1849.^ 
Ten  years  later  this  discovery  was  verified  by  the  self-registering  tide  gauge  placed 
by  Capt.  George  G.  Meade,  superintendent  of  United  States  lake  survey,  on  the  pier 
near  the  entrance  to  the  Milwaukee  harbor. 

In  1850  Dr.  Lapham  prepared  three  memorials  to  be  presented  to  the  legislature  of 
Wisconsin,  one  for  the  board  of  trade,  Milwaukee,  another  for  the  State  Medical 
Society,  and  a  third  for  the  State  Agricultural  Society,  urging  that  an  appropriation 
of  at  least  $1,000  be  made  to  purchase  instruments  and  establish  a  regular  system  of 
meteorological  observations  throughout  the  State  of  Wisconsin  to  ascertain  the  laws 
which  regulate  and  govern  storms,  and  by  this  means  prevent  to  some  extent  the 
great  annual  loss  of  life  and  property  on  the  Great  Lakes. 

This  memorial  also  claimed  that  the  knowledge  of  such  laws  would  be  of  use  and 
interest  to  all  classes  of  men,  especially  to  the  farmer.  That  Dr.  Lapham  considered 
such  knowledge  would  be  of  use  to  the  physician  is  proved  by  the  fact  that  he  pre- 
pared a  memorial  for  the  medical  society. 

This  being  before  the  days  of  the  common  use  of  the  telegraph,  the  greatest  hope 
was  to  secure  a  series  of  simultaneous  observations  for  a  number  of  years,  and  from 
this  decide  on  the  probabilities  for  the  coming  season. 

The  memorial  reads :  '^  To  say  that  we  may  soon  be  able  to  predict  the  general 
character  of  the  coming  season  with  certainty  may  seem  presumptuous,  and  yet  it 
would  be  far  less  wonderful  than  many  similar  discoveries  recently  made.  If  the 
life  of  a  single  individual  engaged  in  commerce  on  the  lakes,  or  if  one  steamboat  or 
sail  vessel  can  be  saved  by  this  means,  the  State  might  be  considered  amply  remu- 
nerated for  the  expense.'' 

'The  discovery  of  the  lunar  tide  here  ascribed  to  Dr.  Lapham  was  undoubtedly 
announced  rather  prematurely,  but  Dr.  Lapham's  early  publication  may  have  stim- 
ulated the  Chief  of  Engineers  to  order  an  investigation  of  this  subject  by  the  officers 
in  charge  of  the  survey  of  the  Great  Lakes.  The  real  lunar  tide  in  Lake  Michigan 
was  found  to  be  so  small  that  it  is  obscured  by  the  solar  tide  and  by  the  influence  of 
the  winds,  the  rain,  and  the  barometric  changes.  It  required  several  years  of  contin- 
uous self-registration  and  a  careful  mathematical  analysis  to  establish  the  existence 
and  extent  of  the  lunar  tide  that  had  been  predicted  by  the  theory  of  gravitation.— 
(Signed)  C.  Abbjb. 
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This  effort  was  tinsncoeesful,  but  from  that  time  Dr.  Lapham  used  his  influence  in 
every  possible  direction  to  make  some  attempt  to  prevent  the  fearful  results  of  storms 
on  the  lakeS;  urging  the  legislature,  boards  of  trade  of  different  cities^  transporta- 
tion companies,  and  private  individuals  to  make  the  experiment,  which  he  was  sure, 
from  his  knowledge  of  storms  and  of  what  had  been  done  in  predictions,  would  be 
a  success,  but  without  avail,  frequently  meeting  with  ridicule  or  pity  that  a  man 
should  be  so  "carried  away  with  a  hobby.''  Strong  in  his  convictions,  he  worked 
on,  further  study  confirming  his  faith,  until  after  twenty  years'  waiting  the  Govern- 
ment was  induced  to  take  up  the  matter.^ 

Although  not  the  originator  of  the  idea  that  storms  could  be  predicted,  yet,  as 
Prof.  Joseph  Henry,  of  the  Smithsonian,  truly  says,  in  a  letter  dated  Februarys,  1876, 
"the  action  of  Congress  in  securing  the  storm  signal  service  was  due  to  the  imme- 
diate exertions  of  Dr.  Increase  Allen  Lapham,  through  the  Member  of  Congress  from 
his  district,  Gen.  H.  £.  Paine,  in  setting  forth  the  advantages  of  the  system  in  the 
commercial  interests  of  the  Great  Lakes.'' 

When  the  meteorological  service  was  organized  in  connection  with  the  Signal 
Corps  of  the  Army,  of  which  Gen.  Albert  J.  Myer  was  the  Chief,  Dr.  Lapham  accepted 
the  responsible  position  of  assistant  to  the  Chief.  The  conclusions  he  drew  from  the 
daily  reports  were  telegraphed  to  Washington,  and  from  there  sent  to  the  lake 
ports,  as  predictions. 

Dr.  Lapham  ceased  forecast  work  in  December,  1870,  and  resigned  this  position 
when  he  was  appointed  State  geologist  of  Wisconsin  in  1873,  but  did  not  lose  his 
interest  in  the  work,  frequently  preparing  lists  of  disasters,  tables  of  the  mean  tem- 
perature of  various  places,  etc.,  which  were  of  great  interest  to  the  community. 

Dr.  Lapham  was  a  local  authority  on  all  scientific  subjects,  and  was  often  appealed 
to  "from  city.  State,  and  country"  for  information  which  he  alone  could  furnish. 
Those  well  acquainted  with  him  had  no  less  cause  to  admire  his  modest,  unassuming 
manner  than  his  profound  learning.  "Socially  he  was  genial,  affable,  and  hospita- 
ble," writes  a  finend;  "scientifically  he  was  laborious,  patient,  conscientious,  and 
unpretentious.  He  toiled  for  science  from  a  love  of  science,  but  with  a  thorough  and 
intelligent  comprehension  of  the  great  possibilities  that  lie  in  the  field  of  research. 
There  was  no  bidding  for  popular  applause  in  anything  he  did ;  his  modesty  was 
extreme,  and  his  unselfishness  was  manifest  in  the  care  he  took  to  give  due  credit 
to  all." 

IBflPORTANCB   OF  STATIC   ELECTRICrTST  IN  WEATHER  BXTREAU 


By  E-  A.  Beals,  Weather  Bureau,  in  charge  of  Minnesota  "Weather  Service. 

The  Weather  Bureau  is  engaged  in  two  distinctive  lines  of  work,  which  in  one 
sense  are  widely  divergent,  while  in  another  they  are  closely  allied  and  interdepend- 
ent. The  first  and  foremost  field,  and  the  one  upon  which  our  Bureau  chiefly 
depends  for  its  popularity,  is  that  of  forecasting  the  weather,  and  this  science  is  now 
but  slightly  further  advanced  than  was  astronomy  in  the  hands  of  the  Assyrians  and 
Egyptians  some  four  or  five  thousand  years  ago.  In  those  early  days  successes  in 
forecasting  astronomical  events  did  not  greatly  exceed  the  failures,  although  they 
were  sufficiently  accurate  to  maintain  the  masses  in  fhe  belief  that  a  vast  amount  of 
knowledge  had  been  acquired  by  their  learned  men,  who,  in  consequence,  were  highly 
esteemed. 

To  obtain  the  largest  sphere  of  usefulness^  wo  must  bend  all  our  energies  to  the 
attainment  of  the  utmost  efficiency  in  weather  forecasting.    As  fast  as  improvements 


'In  1869  he  cooperated  heartily  with  the  Observatory  at  Cincinnati  by  sending 
daily  reports  for  the  weather  bulletin  of  the  Chamber  of  Commerce,  which,  with  its 
daily  probabilities,  was  issued  under  the  direction  of  Prof.  Cleveland  Abbe.— WiLUS 
L.  Moore. 
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in  this  line  are  made  Jnst  so  fast  will  methods  open  np  for  disseminating  snch  infor- 
mation most  thoroughly  and  widely  to  the  people,  whether  living  in  cities  or  in 
tiiinly  settled  oommnnities. 

That  other  branch  of  work  nnSertaken  by  the  Weather  Bureau,  which  in  popu- 
larity almost  equals  that  of  forecasts,  is  the  weekly  weather  crop  bulletins,  wherein 
we  treat  of  crop  growth  as  afi'ected  by  the  weather.  We  wish  by  furnishing  infor- 
mation on  these  two  lines  to  keep  the  public  advised  of  how  best  to  employ  their 
forces  so  that  weather  conditions,  instead  of  operating  to  cause  losses,  may,  as  far  as 
possible,  be  profitably  taken  advantage  of.  Or,  in  those  cases  where  losses  are  inevi- 
table, we  have  in  view  to  so  inform,  that  the  least  possible  harm  can  ensue.  To  be 
able  to  comprehensively  treat  these  matters,  upon  which  our  energies  are  most 
strongly  centered,  it  is  very  essential  that  every  atmospheric  component  known  to 
bear  on  the  question  be  doeely  studied. 

We  have  done  this  so  far  as  temperature,  pressure,  rainfall,  humidity,  and  sun- 
shine are  concerned,  but  there  yet  remains  an  element  having  in  some  subtle  way  a 
most  powerful  influence  on  crop  growth,  which  in  addition  can  also  be  used  most 
efQciently  as  an  aid  in  forecasting  rain  and  perhaps  wind.  This  element  is  the  elec- 
trification of  the  atmosphere,  and  so  far  as  I  know  has  never  been  used  by  the  Gov- 
ernment weather  forecasters  or  discussed  in  crop  bulletins  as  to  its  bearing  on  plant 
growth. 

It  is  the  object  of  this  paper  to  give  a  few  facts  showing  the  important  part  atmos- 
pheric electrification  plays  in  connection  with  crop  growth,  and  how  valuable  it 
might  be  in  assisting  the  forecaster  to  improve  rain  predictions,  especially  in  the 
Northwest,  where  so  many  storms  pass  from  the  northern  Rocky  Mountain  district 
to  the  Great  Lakes  before  producing  any  rainfall  of  consequence. 

In  treating  of  the  subject  of  crop  growth  we  are  confined  exclusively  to  the  part 
weather  exerts  upon  plants,  and  this  factor  is  by  far  the  most  important  one  of  all. 
Temperature,  rainfall,  and  sunshine  are  usually  given  as  the  dominating  causes  of 
whatever  results  it  may  be  necessary  to  chronicle  each  week.  These  elements 
undoubtedly  outermost  prominently  into  the  case,  but  that  of  electricity  is  one  that 
can  not  altogether  be  neglected,  for  recent  researches,  made  almost  exclusively  by 
foreign  scientists,  show  that  by  withdrawing  this  atmospheric  component  vegeta- 
tion remained  very  backward  as  compared  with  that  not  interfered  with. 

On  the  other  hand,  experiments  made  in  France  have  conclusively  shown  that  by 
increasing  the  atmospheric  electricity  received  by  i^lants  a  most  marked  increase  in 
both  growth  and  yield  will  follow.  Other  experiments  made  in  Europe  tend  to 
show  static  electricity  to  be  a  powerful  factor  in  stimulating  growth  in  wheat,  bar- 
ley, oats,  hemp,  potatoes,  beans,  leeks,  tomatoes,  beets,  parsnips,  raspberries,  and 
strawberries,  but  did  not  act  favorably  on  peas,  carrots,  turnips,  cabbage,  or  tobacco. 
In  some  of  these  experiments  the  production  of  root  crops  were  quadrupled,  while 
other  plants  were  doubled  or  tripled.  No  deterioration  in  quality  resulted  from 
increased  growth  caused  by  electricity,  which  is  often  the  case  where  large  yields 
are  obtained  be  means  of  irrigation. 

The  invigoration  of  plant  life  by  electricity  also  tends  to  show,  especially  in  the 
case  of  vineyards  and  orchards,  that  they  are  better  able  to  withstand  insect  ravages, 
and  perhaps  it  will  not  be  long  before  spraying  will  give  away  to  an  inexpensive 
treatment  of  electricity  that  will  solve  the  problem  of  insect  pests  now  occupying 
so  prominent  a  part  m  agricultural  economics.  It  is  patent  to  the  dullest  observer 
how  revivifying  a  smart  shower  of  rain  often  is  to  our  city  lawns.  These  rains, 
which  may  give  only  a  very  small  quantity  of  moisture,  cause  the  grass  to  fairly  spring 
from  the  ground.  The  iawns  were  previously  abundantly  watered  by  hose,  but  no 
great  growth  ensued  until  after  one  of  these  showers,  when  all  nature  seemed  to 
undergo  an  almost  immediate  transformation  into  renewed  vigor  and  healthfulness. 
Such  rains  must  carry  down  with  them  a  great  deal  of  electricity  from  the  upper 
atmosphere  to  so  stimulate  growth,  for  the  water  alone  can  not  do  it,  as  demonstrated 
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by  the  fact  that  sometimes  other  and  greater  raiDs,  or  abundant  sprinkling  with 
the  hose  do  not  produce  sach  effects.  It  has  even  been  clearly  proven  that  an  elec- 
trification of  seeds  often  accelerates  germination  and  growth,  through  the  life  stage 
of  the  plant  thus  treated. 

Our  experiment  stations  are  so  occupied  in  the  matter  of  educating  the  farmers 
Into  better  methods  of  soil  culture ;  how  to  overcome  the  ravages  of  insect  pests ; 
advising  how  to  improve  live  stock  through  breeding  and  feeding;  how  to  prevent 
disease  in  vegetation ;  providing  better  seeds,  and  in  many  other  minor  ways,  that 
but  little  attention  is  given  to  the  weather  factor  involved  and  still  less  to  the  i>art 
played  by  its  component  of  electricity.  Their  neglect  leaves  the  field  open  to  the 
Weather  Bureau,  and  it  should  promptly  grapple  with  it,  for  it  is  a  most  promising 
field  and  properly  within  its  province  under  the  liberal  management  now  control- 
ling its  destiny. 

Intensified  farming  is  the  order  of  the  day.  The  world's  population  is  increasing 
with  alarming  rapidity,  while  our  land  area  remains  fixed.  The  problem  confront- 
ing future  generations  and  is  not  so  far  ahead  as  many  people  think,  is  how  to  raise 
sufficient  to  feed  the  growing  multitudes.  Therefore  smaller  farms  and  increased 
yields  are  the  great  desiderata.  To  meet  this  requirement  what  field  is  more  prom- 
ising than  that  of  utilizing  the  electrification  of  the  atmosphere,  and  where  will  you 
find  a  better  medium  to  undertake  its  accomplishment  than  through  the  efibrts  of 
the  Weather  Bureau,  with  its  corps  of  trained  observers. 

In  1871,  Prof.  I.  A.  Lapham,  one  of  the  prime  movers  in  the  organization  of  the 
national  Weather  Service,  said  in  a  report  to  the  Chief  of  the  Signal  Corps,  regarding 
the  value  of  instrumental  observations  of  atmospheric  electricity,  that  if  they  were 
practical,  "  an  additional  certainty  would  be  given  to  the  daily  coigectures  of  the 
'probabilities'  of  the  occurrence  of  storms."  Observations  of  this  nature  were  then 
not  practicable,  owing  to  the  delicate  nature  of  the  instrument  employed  and  on 
account  of  the  i>ersonnel  of  the  corps  not  being  sufficiently  well  trained  to  look  after 
them.  Twenty-four  years  ago  the  importance  of  applying  changes  in  electrical 
potential  as  an  aid  in  forecasting  were  fully  recognized,  but  not  then  considered 
practicable  for  reasons  that  now  no  longer  exist. 

The  value  of  our  work  has  become  a  fixed  necessity.  The  public  demand  that  we 
give  them  the  very  best  service  that  money  will  buy,  and  they  are  willing  to  pay 
for  it ;  therefore  the  matter  of  cost  of  delicate  instruments  which  even  to  a  very  small 
degree  operate  to  improve  forecasts  need  not  prevent  their  use,  and  it  can  no  longer 
be  said  that  the  personnel  of  the  Service  is  not  sufficiently  well  trained  to  care  for 
them. 

We  know  that  almost  always  rain  is  preceded  irom  2  to  24  honrs  or  more  by  a 
change  in  electrical  potential,  and  that  during  rainy  weather  a  change  from  negative 
to  positive  electrification  is  an  equally  certain  sign  that  it  will  soon  clear  up.  With 
this  knowledge,  how  is  it  possible  to  longer  neglect  the  application  of  this  factor  in 
our  daily  work  of  forecasting  weather  changes,  and  at  the  same  time  publicly  main- 
tain that  our  forecasts  are  the  beet  that  it  is  possible  to  issue.  I  believe  when  we 
have  as  much  statistical  information  regarding  atmospheric  or  static  electricity  as 
we  have  regarding  the  least  studied  of  other  elements  now  receiving  attention  in 
our  daily  reports,  that  we  will  be  in  possession  of  knowledge  the  application  of 
which  will  not  only  wonderfully  improve  our  forecasts  but  will  materially  increase 
the  value  of  our  crop  reports. 

We  should  be  able  to  state  in  the  latter  that  the  com  during  the  week  has  received 
deficient  sunshine,  the  absence  of  which,  however,  was  not  harmful,  owing  to  a  pre- 
ponderance of  electricity  of  the  proper  sign,  x)OHitive  or  negative ;  and  the  lack  of 
moisture  experienced  has  as  yet  done  no  injury,  owing  to  the  temperature  being 
slightly  less  than  the  normal.  These  four  elements  are  the  dominating  influences 
eonnected  with  plant  growth,  and  should  always  be  mentioned  in  our  reports  if  we 
wish  to  truly  chronicle  the  effect  of  weather  on  vegetation. 
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There  is  mncli  more  that  conld  be  said  in  favor  of  our  Bureau  taking  up  this  ques- 
tion of  atmospheric  electrification  with  a  view  to  its  practical  application  in  weather 
forecasts  and  crop  reports.  Its  bearing  in  the  new  field  of  sanitary  climatology  is 
of  equal  importance,  and  in  that  other  great  realm  of  psychology,  which  as  yet  is 
only  just  opened  to  our  view,  it  plays  a  most  important  part.  In  answer,  therefore, 
to  the  sixth  topic  of  discussion  at  the  fourth  annual  convention  of  the  American 
Association  of  State  Weather  Services,  I  would  suggest  that  this  question  of  atmos- 
pheric electricity  be  the  one  whereby  special  investigation  can  be  undertaken  by 
both  the  State  and  national  weather  services  with  best  results. 

MiNNEAPOus,  Minn.,  October  IS,  1895, 

HO^W  BEST  TO  SECURE  AND  RETAIN  THE  SERVICES   OF 

VOLUNTARY  OBSERVERS. 

By  Mn.  L.  H.  Grbenewald,  YolwiUary  Obterver,  York,  Pa. 

The  bone  and  sinew  of  each  respective  State  service  and  its  life's  vitality  are  found 
at  the  central  ofQce.  But  the  germs  of  its  extended  growth  abide  with  the  indi- 
vidual local  observer,  and  the  development  of  his  respective  station  will  impress 
that  community  favorably  or  otherwise  with  the  value  of  the  State  service,  and  its 
best  work  as  a  whole  may  be  overlooked  and  unappreciated  on  account  of  unfavor- 
able presentment  by  the  local  observer. 

The  retention  of  the  voluntary  observer  appears  to  be  the  gist  of  the  question, 
though  the  reply  embodies  a  reversal  of  the  subject  under  discussion. 

First,  his  interest  in  the  work  must  be  secured.  Promptness  and  accuracy  are 
indispensable  in  the  daily  work  of  observations.  Without  these,  iuaccuracios  will 
creep  in  that  will  eventually  render  the  record  of  that  station  valueless,  and  espe- 
cially so  locally.  To  meet  these  demands  requires  frequent  denials  on  the  part  of 
the  local  observer  of  which  the  central  office  or  the  public  at  large  can  have  no 
adequate  appreciation.  Especially  is  this  the  case  where  the  observer  is  so  situated 
that  a  substitute  can  not  be  depended  upon  to  take  observations  during  the  absence 
of  the  regular  observer  when  fulfilling  engagements  of  profit  or  iileasure. 

The  sunmiing  up  of  a  few  figures  in  the  State  bulletins  at  the  close  of  the  month 
seems  a  poor  return  for  the  expenditure  of  time,  and  oft«n  labor,  in  producing  the 
result.  A  greater  showing  of  the  work  of  the  respective  stations  in  the  State  reports 
and  the  results  secured  in  the  departures  locally  in  temperature  and  rainfall  of  the 
working  stations  would  be  a  great  stimulus  to  advance  and  further  that  work  locally 
and  draw  the  attention  of  the  local  press,  to  whom  the  reports  are  contributed,  to 
the  advancement  of  the  service  and  its  accomplishment  of  a  work  that  really  in  a 
great  sense  is  of  a  greater  local  benefit  than  its  dissemination  as  a  sum  total  over 
wider  districts.  Naturally,  the  reference  to  local  conditions  would  interest  each 
respective  newspaper  and  draw  especial  attention  and  comment  to  the  local  station, 
whose  observer,  either  through  want  of  time,  influence,  or  excessive  modesty,  failed 
to  make  a  personal  presentment  of  local  conditions.  Newspaper  reporters  following 
in  this  marked-out  track  would  naturally  interrogate  the  local  observer,  and  the 
State  service  would  thus  assume  proportions  previously  unthought  of. 

The  State  service  is  generally  looked  upon  as  an  auxiliary  to  the  United  States 
Bureau.  But  is  not  the  blending  of  the  reports  in  the  State  summaries  a  discourage- 
ment to  the  voluntary  observer  f 

Admitting  that  the  United  States  Department  is  more  scientific,  of  longer  dura- 
tion, and  reasonably,  as  a  whole,  more  accurate  in  general  summaries,  their  blending 
places  the  work  of  the  State  service  in  the  shade  and  depreciates  the  work  of  the 
voluntary  observer  in  the  minds  of  the  public  as  a  factor  that  has  not  sufficient 
stamen  to  exist  without  the  support  of  the  United  States  Department.  Let  the 
reports  be  included  in  the  same  bulletin,  but  under  other  headings  and  separate; 
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and  thongh  a  greater  work  in  arrangement  would  devolve  npon  the  director  at  the 
central  office,  the  increased  interest  on  the  part  of  the  voluntary  observer  would 
eventually  make  adequate  amends. 

If  there  mnst  be  a  rivalry  for  the  stimulus  of  greater  scientific  efforts,  let  it  be 
between  the  stations  of  each  respective  State  service  and  a  special  feature  made  of 
the  work  of  the  best  managed  stations.  This  would  arouse  ambition  among  the 
voluntary  observers  to  secure  increased  mention  by  better  and  wider  work.  The 
State  service  is,  presumably,  not  scientific.  Rather  is  it  a  patient  record  of  daily 
weather  events,  that  when  properly  arranged  and  tabulated  becomes  a  most  valuable 
history  of  meteorological  conditions  in  each  locality  thus  represented,  and  as  an 
official  record  will  become  a  valuable  historical  adjunct  for  the  section  represented, 
and  thus  secure  a  local  status  for  the  voluntary  observers  if  understandingly  pre- 
sented to  the  public  through  the  local  press.  This  is  the  ''keystone  of  the  whole 
arch'' — local  work.  Each  year  increases  its  value  and  secures  an  influence  that  must 
become  legislative  and  eventually  set  aside  the  extended  opposition  to  State  weather 
service  appropriations. 

The  return  for  the  voluntary  observers'  work  other  than  the  local  status  to  which 
their  individual  work  entitles  them,  are  the  publications-  of  the  United  States 
Department.  No  praise  is  too  great  for  their  scientific  value,  but  they  fail  to  inter- 
est the  voluntary  observer  because  they  are  too  scientific.  The  voluntary  observer, 
generally  speaking,  must  be  educated  up  to  the  first  and  early  principles  of  the  work 
he  is  expected  to  perform,  and  the  future  of  the  State  services  depend  upon  these 
means.  The  dissemination  of  the  bulletins  of  the  various  State  services  cannot  be 
too  highly  spoken  of,  and  acknowledgment  is  made  with  thanks  to  the  Oregon  State 
weather  service,  B.  S.  Pague,  director,  and  also  to  the  Michigan  weather  service,  C. 
F.  Schneider,  director.  Especial  mention  is  made  of  the  latter  in  the  August  bulle- 
tin (vol.  10,  No.  9),  which  contains  many  ideas  of  great  benefit  to  any  one  interested 
in  climatology.  Independent  of  the  August  review  and  compilation  of  September 
weather,  the  dissertation  on  ''Protection  from  frost"  is  of  particular  interest,  and 
was  issued  at  a  most  opportune  time.  Let  this  line  of  work  become  an  object  to  inter- 
est the  voluntary  observer  over  all  districts  wherever  the  bulletins  are  forwarded. 

Each  director,  judging  as  to  the  needs  of  his  respective  district,  should  bring 
forward  those  needs  in  simple  language.  The  distribution  of  the  bulletins  will 
meet  individual  observers  glad  to  be  informed  upou  points  of  which  they  feel  their 
ignorance.  Let  simple  instructions  be  given  from  time  to  time  involving  in  simple 
terms  the  whole  work  of  the  service,  the  manner  of  securing  the  normal  of  baro- 
metric readings  and  their  application,  also  of  temperature  and  rainfall  record  and 
the  keeping  of  the  departure  from  the  normal  of  the  respective  stations,  using  the 
most  simple  terms,  and  figures  fully  carried  out  for  the  dropping  or  continuing  of 
fractions  in  their  balances,  and  reducing  to  whole  numbers,  etc.  Simple  instruc- 
tions in  cloud  readings,  their  growth,  overflow,  etc.,  would  be  of  inestimable  value 
in  securing  interest  and  keeping  it.  The  very  simplicity  of  these  matters  have 
probably  caused  them  to  be  overlooked  as  a  need.  But  there  are,  doubtless,  intel- 
ligent observers  who  are  ready  for  and  capable  of  efficient  work,  who  have  never 
known  or  who  have  forgotten  simple  methods  for  securing  a  result,  and  whose  pride 
would  forbid  its  acknowledgment  to  the  director  of  the  central  station,  and  causes 
the  return  of  imperfect  and  unfinished  work  not  so  much  from  lack  of  inclination 
as  of  instruction. 

Filling  this  need  of  what  is  required  to  retain  the  voluntary  observers  answers  the 
question  of  how  to  obtain  them.  The  wider  dissemination  of  the  work  and  the  sim- 
plicity of  its  explanation  will  enlist  the  interest  of  others  and  cause  a  constantly  grow- 
ing desire  to  add  to  local  status,  if  no  other  motive  presents,  by  joining  the  ranks  of 
the  voluntary  observers.  But  to  stations  in  full  working  order,  the  greatest  need  to 
those  which  are  established  locally  and  issue  weather  bulletins  and  report  to  the 
local  press,  is  a  large  blank  card,  franked  and  directed  to  the  respective  newspapers, 
who  are  glad  to  issue  these  climatological  conditions.    The  expense  of  a  well-man- 
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aged  station,  when  kept  before  the  public,  is  an  item  the  aggregate  of  which  is 
Bnrprising  to  the  nninformed. 

STATU  WBATHBR  8ERVICBS :    THEIR  IMFORTANCB  AND 

BQUIPMENT. 

By  A.  J.  Mitchell,  Oburur  in  Charge,  Florida  Waather  Service. 

It  is  essential  that  methods  shonld  be  adopted  whereby  the  hnman  family  may 
enjoy  all  possible  immnnity  iVom  unfriendly  weather  changes  and  receive  the  bene- 
fit of  those  climatic  elements  which  insure  happiness  and  the  prolongation  of  hnman 
life. 

To  those  familiar  with  the  facts  it  is  superfluous  to  say  that  State  weather  serv- 
ices can  be  made  indispensable  auxiliaries  in  carrying  out  the  plans  of  the  national 
Service.  Properly  organized,  with  a  corps  of  intelligent,  zealous,  and  interested 
observers,  there  is  no  superior  or  more  effective  medium  of  reaching  the  public  than 
through  the  instrumentality  of  these  services.  Primarily,  it  behooves  every  director 
to  exercise  more  than  ordinary  care  in  the  selection  of  observers.  An  observer  may 
be  ever  so  faithful,  yet  if  his  primary  education  is  deficient  his  faithfulness  is  not 
always  sufficient  to  offset  the  lack  of  ability. 

Promptness  is  a  cardinal  virtue  in  meteorological  work,  and  withont  it,  is  a  case 
of  "love's  labors  lost.''  It  is  too  frequently  the  case  that  necessity  or  expediency 
dictates  an  appointment  wholly  unfit  for  the  duties  of  an  observer,  resulting  in 
unsatisfactory  and  worthless  work.  It  is  better  to  have  no  record  than  to  accumu- 
late data  based  upon  observations  incorrectly  taken  and  the  use  of  instruments  little 
superior  to  the  10-cent  thermometer  of  commerce.  In  the  course  of  time  State  nor- 
mals will  be  deduced  from  these  records,  and  a  false  premise  always  leads  to  erro- 
neous conclusions.  Speaking  more  directly  on  the  importance  of  State  weather 
services,  it  is  patent  that  only  through  this  medium  can  local  climatic  features  be 
established  and  the  benefits  to  certain  products  arising  from  the  proximity  of  sundry 
bodies  of  water  and  other  surroundings  fully  appreciated. 

During  the  past  winter  we  had  striking  instances  of  this  citation,  for  you  may  be 
aware  that  occasionally  an  icy  blast  reaches  the  peninsular  region  of  Florida.  How- 
ever^ there  were  sections  where  the  ill  effects  of  frosts  were  not  felt,  and  some  of  our 
frientls  in  the  ''land  of  flowers"  could  not  refrain  from  the  propriety  of  giving  the 
cognomen  ''Frost  proof"  to  a  favored  section,  and  we  are  here  reminded  that  a  frost- 
proof region  in  the  times  of  blizzards  is  no  less  appreciated  than  a  bomliproof  locality 
when  the  clash  of  arms  is  imminent.  State  weather  service  data  give  authentic 
information  regarding  seasonal,  excessive,  and  annual  precipitation,  so  important 
to  engineers  in  regulating  the  depths  of  canals  and  perfecting  systems  of  drainage, 
both  highly  essential  in  the  agricultural  and  hygienic  world.  State  weather  service 
reports  are  frequently  consulted  by  engineers  engaged  in  the  construction  of  expen- 
sive structures  regarding  the  excessive  hourly  falls  of  pecipitation.  This  informa- 
tion is  of  no  little  importance  in  determining  the  size  of  conduits  for  carrying  off 
excessive  volumes  of  water.  A  recent  application  for  the  above  information,  where 
the  value  of  the  building  was  quite  $500,000,  attracted  attention. 

The  wise  and  skillful  physician  no  longer  relies  on  the  materia  medica  as  the  last 
resort  of  the  healing  art;  on  the  contrary,  he  consults  the  meteorological  data  of  the 
various  States,  compiled  by  the  national  Bureau.  From  this  fruitful  source  can  be 
largely  gleaned  the  necessary  temperature  data,  particularly  the  daily,  monthly,  and 
annual  means,  extremes,  ranges,  prevailing  winds,  and  precipitation,  not  to  mention 
the  number  of  clear  and  cloudy  days.  This  information,  tabulated  and  in  an  accept- 
able form,  thanks  to  State  weather  services,  can  be  given  for  almost  every  village 
throughout  the  country.  We  know  that  the  climate  of  different  sections  of  almost 
every  State  differs,  being  largely  influenced  by  surrounding  conditions;  and  by  cli- 
mate we  mean  the  temperature,  cloudiness,  precipitation,  winds,  and  other  meteor- 
ological features.  For  instance,  Florida  has  both  a  marine  and  continental  climate. 
Continental  is  used  advisedly  and  in  a  comparative  sense.    The  lower  peninsnUr 
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region^  batiied  by  ocsean  and  gulf,  never  loses  its  verdant  ftvsfaueas,  while  the  northern 
section  of  the  State  early  suocnmbs  to  biting  frosts.  In  computing  the  mean  tem- 
perature of  the  State  and  studying  the  adaptability  of  sections  therein  to  the  growth 
and  development  of  certain  products,  it  is  advisable  to  divide  the  State  into  sub- 
divisions, and  consider  the  proximity  of  gulf  and  ocean,  lakes  and  rivers,  that  we 
may  know  what  part  they  play  in  our  immunity  from  frosts  and  chilling  winds. 
This  information  can  be  gotten  with  exactness  from  State  weather  service  records 
only.  In  keeping  with  a  spirit  of  progress,  voluntary  observers  should  be  utilized  in 
perfecting  a  more  satisfactory  record  of  thunder  storms,  and  telegraphing  to  centers 
the  occurrence  of  local  disturbances,  especially  when  the  latter  play  an  important 
part  in  the  weekly  data  for  crop  reports. 

As  previously  asserted,  the  data  compiled  by  voluntary  observers  enable  interested 
parties  to  decide  the  adaptability  of  sections  and  counties  to  the  growth  of  agricul- 
tural and  horticultural  plants.  While  this  information  can  be  given,  approximately, 
by  referring  to  stations  of  the  national  service,  it  is  more  minutely  and  satisfac- 
torily compiled  from  the  records  of  voluntary  observers.  From  the  same  source 
landed  corporations,  in  setting  forth  the  unrivaled  attractions  of  their  holdings,  are 
not  slow  to  grasp  the  situation,  and  as  their  ''leader"  x><^int  with  unerring  regu- 
larity and  confidence  to  the  climate  of  their  State.  A  section  of  Florida  was  once 
questionably  advertised  as  the  only  perfect  thing  under  the  sun.  This,  however, 
was  before  the  freeze.  The  State  immigration  agent  with  grip  well  stored  with  lit- 
erature, or,  more  properly^  advertising  matter  of  the  recourse  of  the  State,  faileth 
not  in  being  replete  with  weather  statistics,  not  only  of  the  State  but  of  each  county 
therein.  The  possession  of  such  voluminous  matter  and  local  official  data  has  been 
made  possible  by  the  generous  cooperation  of  voluntary  observers.  The  village  phy- 
sician, though  isolated  from  scientific  centers,  has  recourse  to  the  records  of  volun- 
tary observers,  from  which  he  is  enabled  to  study  the  effects  of  local  climate  on 
prevailing  diseases.  It  is  well  known  that  the  health  of  a  town  or  city,  especially 
over  inland  sections,  can  be  fairly  measured  or  is  materially  nffected  by  certain 
winds.  This  fact  is  so  strongly  recognissed  in  Florida  that  the  inhabitants  along  the 
eastern  section,  or  more  properly  the  Indian  River  country,  have  honored  the  south- 
east breeise  with  the  professional  title  ''doctor,''  and  their  doctor  is  an  antidote  for 
the  malaria  of  the  interior.  With  the  local  meteorological  record  the  physician  can 
chart  the  various  diseases,  the  latter  fluctuating  with  the  excess  or  decrease  of 
moisture  and  the  rise  and  fall  of  thermal  conditions. 

The  collateral  information  promulgated  by  State  weather  service  publications 
surpasses  in  importance  all  publications  of  the  Bureau,  and  is  no  mean  competitor, 
in  point  of  general  value,  to  the  daily  forecast.  To  the  army  of  unselfish,  interested, 
and  faithfril  crop  correspondents  too  much  praise  can  not  be  given,  and  we  are  not 
far  wrong  when  they  are  styled  the  "right  arm  of  State  weather  work.''  To  them 
is  due  the  successful  effort  of  laying  before  each  interested  inhabitant,  hamlet,  town, 
city,  county,  and  State  the  exact  condition  of  every  crop  in  every  county  in  every 
State  once  each  week.  This  information  is  largely  disseminated  by  the  daily  press, 
and,  posted  as  it  is  in  many  public  places,  presents  to  the  public  invaluable  crop 
statistics.  To  whom,  in  particular,  is  such  information  valuable  f  Valuable  to  the 
merchant,  who  advances  supplies  and  whose  reimbursement  ia  dependent  upon  a 
successful  crop;  valuable  to  the  farmer,  apprising  him  of  the  progress  and  condition 
of  crops  similar  to  his  in  adjoining  counties  and  States;  valuable  to  the  nation,  as 
through  this  medium  all  classes  receive  information ;  valuable  to  labor,  by  the  sweat 
of  whose  brow  all  products  come  forth,  and  whose  countenance  is  wreathed  with 
smiles  at  Heaven's  benignant  gift,  a  plenteous  harvest ;  valuable  to  transportation 
companies,  by  which  they  Jadge  prospective  traffic;  and,  lastly,  valuable  to  the 
speculator,  by  whose  unrighteous  deals  a  "  long"  crop  is  made  "  short "  and  a  "  short" 
one  "long." 

If  there  are  vulnerable  points  in  State  weather  service  work,  it  is  to  be  found  in 
the  lack  of  unilbrmity  of  instruments  used  and  the  exposure  of  the  same,  and  until 
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these  are  corrected  the  ohservations  will  not  bear  that  scrutiny  desirable  and  neces- 
sary in  official  records.  The  remedy  lies  in  the  equipment  of  all  stations  with  stand- 
ard registering  instrameuts;  and  wfayf  Because  it  is  not  always  conyenient  for 
voluntary  observers  using  the  dry  thermometer  to  take  observations  on  time,  mak- 
ing it  ppssible  for  serious  errors  to  creep  into  the  work.  A  passing  thunder  shower 
frequently  calls  the  energetic,  live,  and  progressive  farmer  to  the  field,  else  he  may 
lose  valuable  hay,  fodder,  or  other  products  easily  damaged  by  moisture. 

Tbe  next  suggestion  requiring  attention  is  the  exposure  of  instruments,  and  it  may 
not  he  inappropriate  to  relate  the  following  incident,  confirmatory  of  the  above  asser- 
tion. A  prominent  and  faithfUl  observer  of  a  near-by  State,  on  being  interrogated 
regarding  the  exposure  of  his  instruments,  made  the  following  reply :  ''In  the  summer 
I  expose  the  instruments  from  the  south  side  of  my  house  to  get  the  greatest  amount 
of  heat;  in  the  wintertime  they  are  exposed  from  the  north  side  of  the  house  to  get 
the  greatest  amount  of  cold.'' 

To  perfect  the  system  the  '^ cotton  region''  instrument  shelter  should  be  adopted; 
and  with  an  occasional  visit  from  the  director  to  inspect  and  come  in  personal  con- 
tact with  observers,  making  known  the  value  of  their  reports  and  the  appreciation 
of  them  by  the  Bureau,  State  weather  services  will  have  taken  a  long  step  in  the 
direction  of  usefulness,  and  merit  enhanced  appreciation  of  public  confidence. 

HISTORY  OF  THE  SOUTHERN  CALIFORinA  WEATHER  CROP 

BULLETIN. 

By  Gkobqb  £.  FsAinajN,  Chterver^  Weather  l^reau. 

During  the  crop  season  of  1890  Mr.  James  A.  Barwick,  then  in  charge  of  the  station 
at  Sacramento,  Cal.,  inaugurated  the  publication  of  a  weekly  weather  crop  bulletin, 
based  upon  reports  received  from  the  entire  State  of  California.  After  a  season's 
trial  the  system  of  publishing  a  bulletin  for  the  State  in  its  entirety  was  found  in- 
convenient and  impracticable,  owing  to  the  immense  territory  embraced  in  the  State, 
which  prevented  the  reports  from  southern  California  reaching  the  director  in  suffi- 
cient time  to  be  incorporated  in  the  weekly  telegrams  to  the  office  of  the  Chief  of  the 
Bureau  for  the  national  weather  crop  bulletin.  Therefore  it  was  decided  to  have 
the  weekly  reports  from  the  correspondents  in  southern  California  mailed  to  the  ob- 
server in  charge  of  the  Los  Angeles  station,  where  they  were  to  be  summarized,  and 
a  synopsis  of  the  information  in  regard  to  the  condition  of  the  crops  and  weather 
telegraphed  to  the  director  of  the  State  service,  by  which  means  the  desired  infor- 
mation would  be  available  for  publication  in  the  State  bulletin  and  for  communica- 
tion by  telegraph  to  the  authorities  at  Washington  for  use  in  the  national  bulletin, 
and  where  a  bulletin  for  the  southern  portion  of  the  State  could  be  published.  As 
early  as  practicable  after  receiving  authority  to  commence  this  work  and  the  neces- 
sary instructions  in  relation  thereto,  the  writer  of  this  paper  placed  the  subject 
before  the  people  through  the  press  and  by  correspondence  with  representative  citi- 
zens of  the  various  agricultural  and  fruit-raising  districts,  and  by  their  aid  and 
hearty  assistance  obtained  correspondents  from  the  principal  places,  and  on  March 
21,  1890,  the  initial  number  of  the  southern  California  weather  crop  bulletin  was 
issued.  It  soon  passed  the  experimental  stage  and  became  an  established  feature  of 
the  Bureau's  work  at  this  station. 

In  the  beginning  some  little  difficulty  was  experienced  in  carrying  out  the  scope 
and  intent  of  this  work,  owing  to  the  fact  that  the  people  were  not  familiar  with  its 
design ;  but,  as  the  project  unfolded  and  the  information  contained  in  the  bulletins 
was  laid  before  the  public  by  means  of  free  distribution  of  the  publication  in  con- 
spicuous places,  and  through  the  aid  of  the  press  in  publishing  the  reports  in  detail, 
and  by  ''news  notes"  and  comment,  the  people  soon  saw  the  benefits  to  be  derived 
from  authentic  and  unbiased  reports  of  the  crops  and  climatic  condition  of  the 
country,  and  readily  assisted  in  the  endeavor  to  make  the  publication  a  success. 
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The  southern  California  weather  crop  bulletin  has  been  publiahed  continuously 
from  its  inception,  and,  owing  to  the  peculiar  climatic  conditions  of  this  favored 
land,  the  issue  has  been  for  each  week  in  the  year;  the  winter,  edition,  or  rather  its 
calendar  equivalent,  receiving  more  attention  from  the  public  and  being  more  highly 
appreciated  than  those  of  other  periods.  These  months  are  in  this  section  a  season 
of  active  growth  of  all  products  of  the  soil  and  the  time  of  harvesting  of  the  citrus 
fruits. 

With  reference  to  the  issuance  of  b  ulletins  during  the  winter  months  as  well  as 
during  other  periods  of  the  year,  I  desire  to  submit  to  your  attention  the  following 
statement,  which  shows  that  fruits  ripen  all  the  year  round;  and  this,  in  connection 
with  the  fact  that  the  winter  months,  or  the  rainy  season,  is  a  period  of  active  farm 
work — a  period  where  east  of  the  mountains  nature  is  dormant  and  farm  work  impos- 
sible— fully  justifies,  I  think,  the  time  and  labor  expended  on  the  publication;  this 
is  amply  shown  by  its  popularity  and  the  steadily  increasing  demand  for  wider  and 
fuller  meteorological  information. 

Fruits  ripen  as  follows:  Oranges,  all  the  year;  lemons,  all  the  year;  limes,  all  the 
year;  figs,  July  to  Christmas;  almonds,  October;  apples,  July  to  November;  pears, 
July  to  November;  grapes,  J  uly  to  December ;  peaches,  June  to  Christmas ;  apricots, 
June  to  September;  plums  and  prunes,  June  to  September;  Japanese  persimmons, 
November  and  December;  guavas,  nearly  all  the  year;  loquats.  May  and  June; 
strawberries,  nearly  all  the  year;  raspberries,  June  to  January;  blackberries,  June 
to  September;  currants.  May  and  June;  watermelons,  July  to  December;  mulber- 
ries, July  to  December;  nectarines,  August;  olives,  December  and  January ;  pome- 
granates, September  and  December ;  quinces,  October  to  December. 

As  an  instance  of  the  esteem  in  which  the  southern  California  weather  crop  bul- 
letin is  held,  I  desire  to  state  that  the  Los  Angeles  Chamber  of  Commerce,  probably 
one  of  the,  if  not  the  most  public-spirited,  and  on  account  of  the  free  exhibition  of 
southern  California's  products  in  its  halls  the  most  unique  institution  in  the  United 
States,  published  at  its  expense,  in  cooperation  with  the  Weather  Bureau,  the  bul- 
letin in  a  neat  and  attractively  printed  form  during  the  winter  for  several  seasons. 

While  the  southern  California  weather  crop  bulletin  has  become  an  established 
and  in  many  respects  a  successful  publication,  yet  there  are  features  which  militate 
against  its  continued  success ;  and  among  these  is  the  difficulty  of  retaining  reliable 
and  competent  correspondents,  and  the  laborious  and  unsightly  mllliograph  process 
of  issuing  the  publication,  especially  during  the  warm  months.  The  present  sys- 
tem of  furnishing  copies  of  the  bulletins  and  such  other  publications  authorized  by 
the  Chief  of  the  Bureau  does  not  work  well,  as  in  many  cases  correspondents 
after  sending  in  a  few  reports  give  up  the  task  because  of  the,  to  them,  inadequate 
compensation  in  return  for  services ;  and  further,  from  the  fact  that  the  character  of 
the  information  furnished  is  very  much  curtailed  in  the  bulletins.  The  wrfter 
of  this  article  is  of  the  opinion,  based  upon  experience,  that  if  a  plan  can  be 
devised  of  establishing  an  organized  force  of  correspondents  who  could  be  dis- 
playmen,  or  otherwise  agents  of  the  Weather  Bureau,  at  a  small  monetary  compen- 
sation, a  tangible  and  direct  hold  could  be  obtained  whereby  a  sufficient  number  of 
correspondents  could  be  secured,  so  that  creditable  publications  could  be  issued. 
Perhaps  this  could  be  done  by  means  similar  to  those  employed  during  the  cotton 
season,  when  reports  are  received  of  the  temperature  and  precipitation  at  State 
centers.  In  regard  to  the  milliograph  process,  while  the  work  is  as  legible  and  neat 
as  the  process  will  permit,  the  bulletins  should  be  printed,  and  the  writer  thinks  in  a 
uniform  style  throughout  the  service. 

DISCUSSION. 

The  following  remarks  on  several  subjects  in  the  ofiAcial  programme 
were  submitted  by  Mr.  0.  P.  von  Herrmann^  observer,  Weather  Bureau, 
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and  assistant  director  Korth  Carolina  weather  service,  Baleigh,  K.  G. 
Mr.  von  Herrmann  did  not  attend  the  convention: 

1.     UOW    BEST  TO    SKCUBE   AS  J)  RETAIN    THE    SER  VICES   OF    VOLUNTARY  OB8KRVERS. 

In  North  Carolinji  the  larger  number  of  our  voluntary  observers  are  professors  at 
the  various  colleges  in  the  State,  or  physicians,  who  are  more  interested  in  the  work 
of  the  State  weather  service  and  better  understand  its  requirements  than  any  other 
class.  The  increased  amount  of  time  devoted  to  meteorology  in  the  schools,  and  the 
interest  evinced  by  the  medical  fraternity  in  sanitary  climatology  is  evidence  of  this 
fact.  New  observers  at  selected  x)lace8  are  obtained  by  personal  correspondence 
with  prominent  persons  of  that  class,  and  an  explanation  of  the  aims  of  the  service 
rarely  fails  to  enlist  interest  in  our  work.  Printed  circulars  indiscriminately  dis- 
tributed asking  for  volunteers  have  never  been  of  much  use.  No  inducements  are 
offered  beyond  the  usual  promise  that  observers  shall  receive  the  publications  of  the 
national  and  State  services.  In  my  State  all  voluntary  observers,  displaymen,  and 
crop  correspondents  also  receive  copies  of  the  bulletins  of  the  North  Carolina  experi- 
ment station,  with  which  the  weather  service  is  connected;  and  as  such  publications 
are  often  very  interesting  and  valuable,  it  is  suggested  that  in  other  States  where 
there  may  be  no  cooperation  with  the  State  experiment  station  the  bulletins  of  the 
latter  could  probably  be  obtained  for  voluntary  observers  on  request. 

I  think  there  will  be  no  difficulty  in  retaining  the  services  of  voluntary  observers 
if  they  are  made  to  see  that  their  work  is  properly  valued  and  appreciated  by  the 
directors.  At  this  station  the  courtesy  is  never  omitted  of  a  prompt  acknowledgment 
by  letter  of  the  receipt  of  each  voluntary  observer's  monthly  report,  and  I  would 
suggest  the  advisability  of  the  issue  of  a  postal  card  form  for  that  purpose  by  the 
Weather  Bureau.  The  occasional  visit  of  a  regular  inspector  would  often  renew  the 
flagging  zeal  of  many  voluntary  observers,  by  affording  an  opportunity  for  conversa- 
tion and  an  interchange  of  ideas  on  meteorological  topics. 

It  is  undisputed,  however,  that  no  more  patriotic  class  of  citizens  exists  than  the 
voluntary  observers  throughout  the  United  States.  Many  have  kept  up  their  labors 
faithfully  for  long  periods,  and  without  their  assistance  the  work  of  the  State 
weather  services  would  be  impossible.  I  move,  therefore,  that  the  convention  psiss 
a  suitable  resolution  in  recognition  of  the  value  of  the  work  of  voluntary  observers, 
and  expressing  tlie  appreciation  of  the  directors  of  State  weather  services  in  their 
cooperation. 

2.   IMPROVEMENT  AND  DISTRIBUTION  OF   CROP  BULLETINS. 

Most  of  the  crop  bulletins  now  published  are  admirable.  The  chief  improvement 
which  might  be  suggested  is  the  addition  of  a  rainfall  and  temperature  chart. 
Unless,  however,  such  charts  can  be  as  neatly  reproduced  as  those  contained  in  that 
model  publication  of  the  kind,  the  national  crop  bulletin,  1  do  not  a^lvocate  their 
use.  Some  of  the  rainfall  charts  now  published  in  State  bulletins  are  neither  elegant 
nor  edifying.  In  my  opinion,  a  selection  of  the  remarks  of  crop  correspondents  should 
always  be  printed,  and  rather  than  be  omitted  the  general  summary  should  be  cur- 
tailed. There  is  a  possibility  of  making  the  crop  summary  too  long  and  too  mmuie 
in  detail,  defeating  the  main  object  of  the  bulletin,  and  making  newspapers  reluctant 
to  reprint  it. 

Before  any  additional  labor  is  imposed  in  the  preparation  of  the  crop  balletin  by 
possible  improvements,  it  mnst  be  remembered  that  these  bulletins  are  generally 
very  rapidly  prepared.  Their  value  depends  to  a  great  extent  on  the  promptnees  of 
issue.  In  North  Carolina  the  crop  bulletin  appears  on  Monday,  which  has  been 
found  to  be  the  best  day.  The  preparation  begins  early  in  the  morning,  the  copy  is 
in  the  hands  of  the  printer  by  noon,  and  the  entire  edition  of  1,800  copies  is  mailed 
by  6  p.  m.  During  the  Ave  hours  limited  to  preparation  from  two  to  four  hundred 
crop  reports  must  be  read  and  considered.  At  Raleigh  we  have  neither  the  time  nor 
the  facilities  for  the  preparation  of  rainfall  charts. 
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I  believe  that  it  would  increase  the  value  of  the  crop  bulletins  to  pabUsh  rainfall 
reports  from  a  larger  number  of  stations,  and  a  supply  of,  say  50,  rain  gauges  mi^ht 
be  issued  to  each  State  by  the  Weather  Bureau  for  the  use  of  selected  crop  corre- 
spondents. 

Formerly  a  detailed  map  of  the  State,  in  colors,  was  printed  on  the  back  of  the 
North  Carolina  croj)  bulletin,  and  was  considered  an  advantageous  feature,  but  the 
expense  was  found  to  be  too  great. 

Form  No.  1053,  meteorological,  used  by  crop  correspondents  in  forwarding  their 
reports  is  perfectly  satisfactory.  Form  No.  1054,  request  for  special  information, 
should  also  be  in  the  shape  of  a  postal  card,  which  would  make  it  easier  to  handle 
and  lead  State  weather  service  officials  to  use  it  more  frequently.  A  fiir  better  plan 
of  collecting  data  from  crop  correspondents  would  be  to  establish  subordinate  col- 
lecting centers,  say  at  each  county  seat.  Let  the  crop  correspondent  at  the  county 
seat  receive  reports  from  subcorrespondents  throughout  the  county,  summarize  them, 
and  maU  his  county  summary  to  the  central  office.  In  most  cases  all  the  county 
giunmaries  could  probably  be  printed  in  the  crop  bulletin.  In  North  Carolina  under 
this  system  there  would  be  only  96  county  reports  to  consider  instead  of  several 
hundred  individual  crop  reports. 

The  best  form  for  the  publication  of  the  crop  bulletin  has  naturally  been  selected 
by  most  States,  a  single  page,  with  first  a  general  summary  of  the  weather  crop  cou- 
ditions  for  the  State,  then  for  the  different  districts,  followed  by  a  selection  of  the 
remarks  of  special  crop  correspondents. 

The  public  press  will  always  furnish  the  best  means  for  distributing  the  informa- 
tion contained  in  crop  bulletins.  Although  the  edition  of  the  North  Carolina  bulletin 
numbers  only  1,800  copies,  it  reaches  at  least  ftom  20,000  to  30,000  readers  through 
the  daily  and  weekly  newspapers,  of  which  65  reprint  the  bulletin  in  whole  or  in 
part.  Copies  are  also  sent  to  365  post-offices,  where  they  are  displayed  on  suitable 
bulletin  boards  for  the  benefit  of  the  public. 

Nothing  proves  more  conclusively  the  value  of  the  weather  crop  information  pub- 
lished by  the  State  weather  services  than  the  steadily  increasing  demand  for  these 
bulletins.  The  disinterested  source  from  which  the  information  emanates  vouches 
for  its  accuracy.  Outside  misrepresentation  of  crop  conditions  becomes  impossible. 
The  information  concerning  the  current  condition  of  crops  is  alike  valuable  to  agri- 
cultural and  commercial  interests.  It  places  farmers  on  an  equal  footing  with 
dealers  who  purchase  their  products,  by  enabling  them  to  estimate  probable  yields 
and  to  jndge  whether  they  are  receiving  fair  prices  for  what  they  have  to  sell. 
Boards  of  trade,  boards  of  agriculture,  chambers  of  commerce,  and  similar  bodies  all 
find  the  information  contained  in  the  crop  reports  of  the  greatest  value. 

3.   MONTHLY  PUBLICATIONS  OF   STATE   WEATHER  SERVICES. 

I  cordially  approve  of  the  form  of  publication  adopted  by  some  of  the  best  State 
weather  services,  in  which  an  endeavor  is  made  to  make  the  monthly  reports  of 
interest  to  other  than  sjiecialists  by  including  popular  articles  on  topics  related  to 
meteorology  and  climatology.  The  Iowa  report  is  a  notable  example.  But  I  am 
decidedly  opposed  to  advertisements  of  any  kind  appearing  in  official  publications. 
I  have  observed  advertisements  in  weather  service  bulletins  which,  to  say  the  least, 
were  in  very  bad  taste,  and  tended  to  lessen  the  dignity  of  the  scientific  work  in 
which  we  are  engaged.  In  those  cases  where  the  issue  of  the  monthly  bulletins 
can  not  be  secured  in  a  satisfactory  form  without  the  assistance  of  funds  obtained 
from  advertisements,  the  reports  should  be  printed  by  the  national  Bureau,  as  sug- 
gested by  Mr.  F.  P.  Chaffee. 

The  monthly  publications  of  the  North  Carolina  weather  service  naturally  take  the 
form  of  the  bulletins  of  the  experiment  station,  of  which  the  weather  service  is  con- 
sidered a  division. 

Promptness  of  publication  is  very  necessary,  as  tending  to  keep  up  the  interest  of 
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voluntary  obaeryen,  beeides  nmking  the  information  available  to  the  pablic  as  eoon 
as  possible.    Monthly  reports  should  not  be  delayed  beyond  the  15th  at  the  latest. 

Uniformity  in  style  of  publication,  though  it  might  be  desirable,  is  probably  not 
practicable.  I  think  it  wonld  be  a  good  plan,  as  adopted  by  the  North  Carolina 
service,  to  bind  up  with  the  annual  report  the  twelve  monthly  bulletins  for  tRe 
year,  so  that  one  volume  will  contain  all  the  known  data  for  the  year. 

With  reference  to  the  preservation  in  convenient  form  of  the  most  important  data 
from  voluntary  observers'  records,  1  would  suggest  that  the  Weather  Bureau  issue 
record  books  like  that  which  has  been  employed  for  many  years  by  this  service.  A 
volume  large  enough  to  contain  records  from  all  stations  for  five  years  is  used. 
Each  page,  large  enough  for  twelve  reports  from  two  stations,  is  ruled  on  one  side 
with  columns  for  pressure,  temperature,  rainfall,  wind,  weather,  etc.,  and  on  the 
other  with  spaces  for  entering  miscellaneous  phenomena,  such  as  dates  of  thunder- 
storms, frosts,  etc.,  and  remarks  by  voluntary  observers.  All  the  known  meteoro- 
logical data  for  any  station  are  thus  conveniently  arranged  for  reference.  The 
reports  of  voluntary  observers,  after  the  sums  and  means  have  been  verified,  are  first 
entered  into  this  record  book,  from  which  the  monthly  bulletin  is  afterwards  made 
up.    A  sample  page  of  the  book  is  inclosed. 

4.   DISTRIBUTION  OF  FORECASTS,   VALUE  OF  LOGOTYPE  SYSTEM,  ETC. 

The  return  to  the  method  of  telegraphing  forecasts  daily  to  displaymen  instead  of 
conditionally  is  unquestionably  a  great  improvement,  has  renewed  the  interest  of 
displaymen  and  increased  the  demand  for  the  forecasts.  The  flags  will  be  more 
promptly  and  carefully  displayed.  I  am  of  the  opinion  that  the  display  of  the 
weather-signal  flags  in  the  cities  is  unsatisfactory  and  not  worth  the  cost  of  the  flags. 
People  prefer  to  read  the  weather  summary  and  forecast,  and  generally  consult  the 
nearest  map  for  that  purpose.  The  flags  should  be  displayed  only  for  a  short  time  in 
the  afternoon  of  one  day  to  indicate  the  weather  for  the  next  day,  and  should  be 
lowered  about  sunset.  The  display  of  flag  signals  may  still  be  useful  in  the  country, 
though  eventually  the  wide  distribution  of  card  forecasts  by  mail  should  entirely  dis- 
place it. 

The  logotype  system  of  distributing  forecasts  I  consider  highly  satisfactory  and 
destined  to  supplant  all  other  modes  of  disseminating  weather  forecasts  until  the  tel- 
ephone comes  into  more  extended  use.  I  think,  however,  it  is  better  to  secure  the 
cooperation  of  postmasters  rather  than  displaymen,  and  recent  endeavors  in  that  line 
in  North  Carolina  have  been  very  successful. 

In  view  of  the  ever  growing  wider  dissemination  of  weather  forecasts  is  it  not 
important  that  the  people  should  properly  understand  the  nature  and  use  of  the 
forecasts  and  how  to  estimate  their  worth?  Although  meteorology  has  developed 
rapidly  during  the  past  thirty  years,  especially  in  the  line  of  weather  forecasting, 
knowledge  of  the  subject  has  not  spread  among  the  masses  of  the  people  in  propor- 
tion to  its  importance  in  the  everyday  affairs  of  life.  It  is  not  generally  understood 
that  all  the  manifold  and  apparently  capricious  changes  in  the  weather  follow  defi- 
nite laws.  Too  many  people  still  place  reliance  on  the  weather  data  contained  in 
almanacs,  on  local  weather  proverbs  of  no  real  value,  and  upon  the  humbug  pre- 
dictions for  months  in  advance  made  by  certain  notorious  impostors  in  this  country 
and  in  Canada,  whose  statements  are  based  upon  supposed  influences  of  the  stars, 
and  are  purposely  worded  so  obscurely  that  they  may  be  considered  verified  by  any 
kind  of  weather.  Surely,  by  this  time  it  ought  to  be  well  known  that  none  of  the 
heavenly  bodies  have  a  perceptible  influence  on  the  weather,  that  there  are  no  equi- 
noxial  storms,  and  that  it  is  not  necessary  to  wait  for  the  wane  of  the  moon  before 
planting. 

If  the  Weather  Bureau  is  to  reach  the  full  measure  of  its  value  to  the  people  the 
erroneous  ideas  still  prevailing,  especially  among  our  farming  population,  must  be 
eradicated.    There  is  great  need  of  popular  information  on  the  subject.    The  daily 
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iTMrtber  mapa  have  been  extremely  naefol  in  this  line,  bat  I  will  ventore  to  say  that 
many  who  reoelve  the  map  do  not  undeTstand  it.  I  remember  hearing  a  very  intelli- 
gent gentleman  remark,  pointing  to  a  long  curved  isobar  on  the  weather  map, 
'*  What  a  strange  way  for  the  wind  to  blow." 

In  my  opinion,  nothing  wonld  more  increase  the  interests  of  the  people  in  the 
weatfaer  forecasts  and  prove  their  ralae  than  the  publication  by  the  Weather  Bureau 
of  a  popular  bulletin  on  the  subject:  ''How  weather  forecasts  are  made,  and  how 
they  may  be  utilized." 

The  subject  should  be  presented  in  a  nontechnical  style^  and  could  be  made  very 
interesting.  It  should  contain  an  explanation  of  the  elements  of  meteorology,  and  a 
brief  description  of  the  instruments  in  common  use.  The  operations  of  the  Weather 
Bureau  should  be  explained,  what  an  observation  consists  of,  how  the  information 
reaches  Washington,  and  how  the  maps  are  made.  A  chapter  should  explain  the 
meaning  of  the  terms  ''high"  and  "low,"  **  cyclone"  and  "anticyclone,"  ijie  condi- 
tions of  the  weather  connected  with  each,  the  paths  of  storms  crossing  the  United 
States,  and  should  be  liberally  illustrated  with  maps  and  samples  of  forecasts  made 
at  the  time.  A  collection  of  various  methods  of  utilizing  forecasts  in  agricultural 
interests  should  be  given — ^for  instance,  the  methods  of  protecting  vegetation  from 
tro^t,  use  of  smudge  fires,  flooding  of  cranberry  fields  with  water,  etc. 

Such  a  bulletin  would  stimulate  interest  everywhere,  and  greatly  enlarge  the 
sphere  of  usefulness  of  the  Weather  Bureau  and  State  services. 

As  I  have  already  exceeded  reasonable  limits  in  this  communication,  I  will  say  but 
a  few  words  more  on  the  last  two  subjects  before  the  convention. 

I  think  the  inspection  of  voluntary  stations  highly  important.  It  is  suggested 
that  the  regular  inspectors  of  the  Weather  Bureau  should  vi»it  voluntary  observers 
at  stations  along  their  routes  when  inspecting  stations  of  the  Weather  Bureau. 

The  importance  of  equipping  voluntary  observers  with  shelters  lies  in  the  fact  that 
uniformity  of  exposure  is  thereby  secured,  making  observation  taken  everywhere 
comparable.  Differences  of  opinion  as  to  the  size  of  shelter  to  be  adopted,  elevation 
above  the  ground,  etc.,  should  be  laid  aside,  and  nothing  could  be  better  than  the 
adoption  of  the  style  of  shelter  recommended  by  the  committee  on  instrument  shelters 
appointed  at  the  first  convention  of  State  weather  services  in  1892.  The  report  of 
the  committee  was  signed,  I  believe,  by  Messrs.  W.  L.  Moore  and  J.  W.  Smith. 

With  reference  to  special  investigations  which  can  best  be  undertaken  by  State 
weather  services,  I  think  none  could  be  more  valuable  than  detailed  investigations 
into  the  relations  of  climate  to  the  growth  of  various  crops,  for  which  work  State 
weather  services  have  every  facility.  Prof.  P.  H.  Mell's  report  on  the  climatology  of 
the  cotton  plant  (Bulletin  No.  8,  of  the  Weather  Bureau)  is  an  indication  of  what 
might  be  accomplished  in  that  line.  The  great  amount  of  routine  work  done  at  most 
State  weather  service  centers  will  seriously  interfere  in  most  cases  with  the  under- 
taking of  such  special  investigations.  This  is  the  most  important  subject  before  the 
convention,  and  I  hope  it  will  be  thoroughly  discussed. 

REPORT  OF   COMMITTEE   APPOINTED  TO   INVESTIGATE  THE  SUBJECT 
OP   STAMPINa  WEATHER  FORECASTS  ON  MAIL  MATTER. 

Montgomery,  Ala.,  November  12^  1895. 

Sir  :  As  chairman  of  the  committee  appointed  by  the  Association  of 
American  State  Weather  Services,  in  convention  at  Indianapolis,  Ind., 
for  the  investigation  into  the  merits  and  practicability  of  the  ^<  post- 
mark logotype"  system  as  suggested  by  me  at  the  recent  convention, 
I  have  the  honor  to  submit  the  following: 

Oapt.  T.  P.  Townsend,  director  of  the  Pennsylvania  State  weather 
service,  and  Mr.  S.  W.  Glenn,  director  of  the  South  Dakota  service^ 
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were  also  appointed  members  of  this  committee,  but  owing  to  the  great- 
distances  intervening  there  has  been  an  inability  on  the  i>art  of  the 
committee  to  take  any  concentrated  action  in  this  investigation,  and  it 
was  decided  that  individual  reports  be  rendered.  The  report  of  Cap- 
tain Townsend  will  be  found  among  the  inclosures;  that  of  Mr.  Glenn 
was  evidently  lost  in  the  mail,  as  is  evidenced  by  inclosed  letter  from 
him,  dated  7th  instant.  However,  he  has  been  requested  to  forward 
a  copy  of  his  report,  which  will  be  transmitted  immediately  on  its 
receipt. 

A  circular  was  sent  to  the  directors  of  the  various  State  weather 
services  and  officials  in  charge  of  the  Weather  Bureau  offices  in  some 
of  the  large  cities.  The  circular  .was  issued  with  the  intention  of  gain- 
ing a  consensus  of  opinion  as  to  the  merits  and  demerits  of  the  pro- 
posed system  with  a  view  to  perfecting  the  same  as  far  as  possible 
before  report  should  be  made,  and  not  with  a  view  to  forestall  any 
future  action  by  the  Weather  Bureau.  A  majority  of  the  replies  favor 
the  suggestion,  while  a  few  offer  objections,  which,  it  is  thought,  could 
be  overcome  with  but  little  difficulty.  These  objections  are  nearly  all 
relative  to  the  legibility  of  the  postmark  stamp.  The  only  way  to 
either  affirm  or  refute  this  objection  is  by  giving  the  system  a  trial, 
and  it  is  thought  that  the  postmasters  and  clerks  would  be  more  cau- 
tious in  stamping  when  they  know  that  their  stamp  is  to  convey  other 
information  besides  the  date  of  receipt  of  the  letter. 

Some  of  the  officials  to  whom  the  circular  was  sent  gave  the  matter 
to  the  local  press  for  publication.  This  was  done  not  through  request 
or  desire  of  mine,  and  while  the  kindly  spirit  which  prompted  this 
action  is  fully  appreciated,  it  would  have  been  preferable  to  have 
abstained  from  publishing  it  until  after  the  matter  was  officially  acted 
upon. 

It  appears  from  a  letter  received  from  the  director  of  the  Wisconsin 
State  weather  service  that  the  postmaster  at  Bacine,  Wis.,  having  his 
attention  called  to  the  newspaper  comments  on  the  proposed  system^ 
has  given  it  a  practical  test,  and  that  he  has  communicated  with  the 
Ghief  of  the  Weather  Bureau  and  Postmaster-General  asking  permis- 
sion to  inaugurate  this  system  of  distributing  weather  information. 
This  action  of  the  postmaster  at  liacine,  while  demonstrating  the  feasi- 
bility of  the  system,  has  hastened  the  rendering  of  my  report  on  this 
matter.  It  was  my  intention  to  wait  until  all  possible  information 
could  be  gathered  before  making  report,  but  for  the  above  reason  it 
was  thought  best  to  bring  it  to  the  attention  of  the  Weather  Bureau. 

Some  of  the  advantages  of  such  a  system  of  distribution  of  fore- 
casts are  set  forth  in  the  circular,  a  copy  of  whicli  is  inclosed,  and  it  is 
hardly  necessary  to  dwell  upon  its  many  advantages  and  its  many 
adaptations  to  distributing  weather  information  and  special  warnings. 

I  have  not  procured  a  practical  working  stamp  illustrating  its  me- 
chanical construction,  as  such  was  deemed  unnecessary  at  this  stage  of 
the  matter. 
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Captain  Townsend  in  his  report,  inclosed  herewith,  makes  a  good 
finggestion,  which  is  that  if  this  plan  of  distribution  is  adopted  the 
forecasts  be  telegraphed  to  railway  mail  clerks,  who  can  stamp  them 
on  cards  to  be  deposited  in  the  respective  poaches  to  be  distributed  to 
I>08tmasters  along  balance  of  their  routes,  who  can  distribute  their 
information  by  the  postmark  system.  Thus  one  telegram  would  convey 
the  initial  information  to  a  number  of  distributing  postmasters,  many 
of  whom  might  not  have  telegraphic  communication. 

I  have  to  report  that  the  suggestion  is  considered  practical,  and  feel 
sure  that  practical  tests  will  develop  its  merits. 

It  is  thought  that  should  the  system  be  put  in  extensive  use  that  the 
cost  of  stamps  might  be  arranged  with  the  Post-Office  Department,  so 
that  it  and  the  Weather  Bureau  would  each  bear  their  sh£bre  of  the 
expense. 

After  a  thorough  consideration  of  the  matter  I  recommend  as  tbllows : 

First.  That  this  matter  be  referred  to  the  Chief  of  the  Weather 
Bureau  for  his  consideration,  with  the  recommendation  that  the  system 
suggested  be  adopted  and  that  the  necessary  cooperation  of  the  Post- 
Office  Department  be  secured. 

Second.  That  the  system  be  first  put  in  operation  in  such  towns  or 
cities  as  are  already  forecast  display  stations  and  have  a  carrier  deliv- 
ery, and  that  the  forecasts  be  telegraphed  to  the  postmasters  of  such 
places,  who,  if  not  the  displaymen,  can  furnish  the  latter  a  copy  of  the 
forecasts. 

Third.  Should  the  system  prove  successful,  that  the  forecasts  be 
telegraphed  to  railway  mail  clerks,  who  will  distribute  them  to  i>ost- 
masters,  who  will  in  turn  stamp  them  on  mail  delivered. 

Fourth.  That  if  this  system  is  adopted,  it  be  thoroughly  advertised 
in  the  press  of  the  country,  also  through  the  Official  Postal  Guide,  and 
that  large  cardboard  bulletin  boards  describing  the  system  be  fur- 
nished postmasters  for  display  in  their  offices. 

In  conclusion,  I  beg  to  say  that  should  the  Chief  of  the  Weather 

Bureau  consider  the  suggestion  worthy  of  adoption,  it  would  aftbrd  me 

pleasure  to  aid  in  any  manner  whatsoever  the  successful  operation  of 

such  a  system  of  forecast  distribution. 

Very  respectfully,  F.  P.  Chaffee, 

Director'  Aldbama  State  Weather  Service^ 

Chairman  of  Committee. 
M%j.  H.  H.  C.  Dtjnwoody, 

President  American  Association  of 

Btats  Weather  Services ,  Washington,  D.  0. 


Philadelphia,  Pa.,  November  6',  1895. 

Deab  Sib  :  As  a  member  of  the  committee  appointed  to  investigate 
and  rei>ort  ui)on  the  practicability  of  distributing  forecasts  in  the  rural 
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districts  by  the  '<  postmark  logotype''  system,  suggested  by  yoa  at  the 
recent  State  Weather  Service  conveDtion,  I  submit  the  following: 

Owing  to  the  impossibility  of  giving  a  practical  test  of  the  proposed 
system,  conclusions  relative  to  its  merits  must  necessarily  be  largely 
theoretical.  These,  however,  can  be  based  on  known  existing  condi- 
tions, which  must  be  used  in  carrying  out  the  scheme. 

The  main  groundwork  for  the  suggested  plan  is  already  provided  for 
by  the  Oovemment  in  its  prompt  and  rapid  delivery  of  the  mails 
throughout  the  rural  districts,  and  with  a  slight  extension  of  the  liberal 
policy  already  pursued  by  the  Post-Office  Department  in  its  cooperation 
with  the  Weather  Bureau  in  disseminating  its  forecasts,  together  with 
suitable  logotype  stamps  for  the  distributing  postmasters  and  an  organ- 
ized system  for  furnishing  them  with  the  necessary  information,  the 
plan  will  be  complete  in  every  detail. 

The  forecasts  to  be  of  value  must  be  the  very  latest,  and  without  an 
effective  and  economical  means  for  placing  them  in  the  hands  of  the 
postmasters  the  proposed  scheme  would  be  incomplete  and  objectionable. 

This  can  not  be  done  by  wire  to  each  postmaster  because  of  the  lack 
of  facilities  and  the  great  expense  that  would  attend  it.  Neither  could 
it  in  many  cases  be  done  by  cards  from  the  offices  of  the  Weather 
Bureau,  as  the  mails  frequently  leave  before  the  forecasts  are  issued; 
but  it  can  be  done  at  a  comparatively  small  expense  by  wiring  the  fore- 
casts to  railway  mail  clerks  at  proper  points  along  their  lines,  and  have 
them  stamp  the  forecasts  by  logotype  on  cards  addressed  to  the  various 
postmasters  along  the  balance  of  their  route,  and  then  place  the  cards 
in  their  respective  pouches  so  that  the  distributing  postmasters  will 
receive  the  latest  information  with  their  mail. 

In  this  manner  many  xx)st-offices  can  be  reached  which  have  neither 
telegraphic  nor  telephonic  facilities. 

Additional  means  of  communication  will  natur^ly  suggest  themselves 
when  the  scheme  is  once  in  operation.  While,  perhaps,  one  general 
rule  can  be  given,  some  districts  may  require  special  arrangements 
which  can  be  worked  out  by  those  having  the  work  in  charge. 

With  the  forecast  for  distribution  in  the  hands  of  the  iK)stma8t^r  on 
the  arrival  of  his  mail  pouch,  1  see  no  reason  why  he  can  not,  with  a 
suitable  appliance,  rapidly  stamp  the  forecast  on  the  back  of  each  letter 
in  connection  with  its  date  and  time  of  receipt.  The  wording  must,  of 
course,  be  in  a  concise  tbrm,  particularly  during  its  tentative  stage. 

To  summarize,  I  believe  the  distribution  of  forecasts  by  the  *<  post- 
mark logotype''  system  perfectly  feasible,  and  one  that  will  be  appre- 
ciated by  the  general  public.  I  therefore  recommend  its  favorable  con- 
sideration. 

Very  respectfully, 

T.  F.  TOWNSEND, 

Mr.  F.  P.  Chaffee,  Observer  in  Charge. 

Director  Alabama  State  Weather  Service^ 

and  Chairman  of  Committee, 
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HuBON,  S.  Dak.,  November  7, 1895. 

Dear  Sib  :  Beferring  to  my  communication  of  29th  ultimo,  relative 
to  the  duplication  of  forecasts  on  mail  matter,  I  beg  to  state  that  I 
believe  figures  indicating  the  date  would  be  more  distinct  and  more 
readily  noticed  by  the  public  if  they  were  placed  around  the  ordinary 
postmark.  I  am  still  of  the  opinion  that  the  word  '< to-morrow"  and 
the  forecast  should  find  place  in  the  stamp  proper  and  not  in  any  sepa- 
rate attachment,  as  indicated  in  your  illustrations. 

Since  writing  you  I  have  noticed  closely  the  manner  of  using  the 
receipt  stamps  in  the  of&ce  here,  and  the  liability  of  any  attachment  on 
the  outside  of  the  regular  style  of  stamp  coming  loose  and  proving  a 
source  of  annoyance  to  the  stamping  clerk  is  very  great. 

I  would  be  glad  to  know  the  result  of  your  correspondence  with  the 
stamp  manufacturers,  as  they  are  no  doubt  in  position  to  furnish  some- 
thing substantial. 

I  realize  that  my  suggestion  would  necessitate  the  substitution  of 
new  stamps  complete  by  the  Post-Office  Department,  but  am  unable  to 
see  how  any  attachment  to  the  stamps  now  in  use,  except  those  opera- 
ted by  electricity  in  the  large  cities,  would  work  satisfactorily. 

Yours,  hoping  for  success, 

Sam.  W.  Glenn. 
Mr.  F.  P.  Ohaffee, 

Director  Alabama  State  Weather  Service^ 

Mont-gomery,  Ala. 
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REPORT  ON  THE  RELATIVE  HUMIDITY  OF  SOUTHERN  NEW 

ENGLAND  AND  OTHER   LOCALITIES. 


The  relative  humidity  of  the  air  is  merely  a  convenient  term  for 
expressing  comparative  dryness  or  moisture.  When  the  air  is  com- 
pletely saturated  with  aqueous  vapor  its  relative  humidity  is  said  to 
be  100  per  cent ;  when  it  contains  but  three-quarters  of  the  amount 
of  vapor  necessary  for  complete  saturation,  the  relative  humidity  is 
said  to  be  75  per  cent. 

The  aqueous  vapor  in  the  air  is  derived  primarily  from  the  evapo- 
ration of  water  from  the  ocean  and  from  the  soil,  streams,  and  vege- 
tation of  the  earth's  surface. 

The  quantity  of  water  that  can  exist  in  the  form  of  vapor  is  deter- 
mined by  the  temperature  of  the  air  in  which  evaporation  takes 
place.  For  example  a  cubic  foot  of  air  at  a  t^perature  of  32°  F., 
can  contain  no  more  than  2.11  grains  of  water  in  the  form  of  vapor; 
if,  however,  the  temperature  of  the  air  be  raised  to  48°,  64°,  and  80°, 
it  can  then  contain  3.80,  6.56,  and  10.93  grains  of  water  vapor  at  the 
respective  temperatures.  It  will  be  observed  that  the  increase  in  the 
amount  of  water  vapor  is  not  proportional  to  the  increase  of  temper- 
ature; thus  at  a  temperature  of  64°  the  air  can  contain  more  than 
three  times  as  much  vapor  as  at  32° ;  at  80°  nearly  four  times  as 
much  as  at  40°.  With  a  clear  understanding  of  this  important  fact, 
it  becomes  apparent  that  the  relative  humidity  depends  very  greatly 
upon  the  temperature,  as  will  be  referred  to  again  at  greater  length. 

The  process  of  evaporation  may  be  regarded  as  an  attempt  on  the 
part  of  nature  to  maintain  the  vapor  atmosphere  in  perfect  equilib- 
rium. The  latter  is  being  constantly  disturbed  by  other  natural 
phenomena,  such  as  the  formation  of  cloud  and  fog,  the  precipita- 
tion of  moisture  in  the  form  of  rain,  snow,  etc.  There  are  several 
methods  of  changing  water  vapor  to  liquid  form,,  thus  diminishing 
the  amount  of  vapor  present  in  the  air.  The  principal  one  consists 
in  lowering  the  temperature  of  the  vapor  and  the  other  bodies  in  con- 
tact with  it  until  the  point  of  saturation  has  been  reached.  The  sim- 
plest illustration  of  this  method  is  found  in  the  formation  of  dew. 
During  the  warm  hours  of  the  day  the  solid  particles  of  the  earth's 
surface  proper,  together  with  the  bodies  of  many  organic  forms,  are 
raised  to  a  temperature  much  higher  than  that  of  the  surrounding 
air.  While  in  this  condition,  the  water  vapor  present  in  the  air  will 
not  condense  upon  them  even  if  the  temperature  of  the  air  be  cooled 
to  the  point  of  saturation.    The  same  substances,  however,  which 
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warmed  up  very  fast  in  the  daytime,  cool  at  an  equally  rapid  rate 
during  the  night,  and  soon  become  cooler  than  the  surrounding  air. 
As  soon  as  they  are  cooled  to  the  temperature  of  saturation,  vapor 
molecules  begin  to  condense  upon  their  surfaces. 

The  relative  humidity  during  the  cycle  of  events  just  mentioned 
sinks  rapidly  with  increase  of  temperature  during  the  heated  part  of 
the  day,  because  the  highejr  the  temperature  the  greater  the  capacity 
for  moisture,  and  also  partly  because  the  surface  evaporation  is 
greatly  weakened  as  the  day  advances.  With  the  approach  of  night 
the  temperature  falls  and  the  relative  humidity  increases,  reaching 
the  highest  percentage  of  the  day  approximately  at  the  time  of 
lowest  temperature. 

The  relative  humidity  of  a  place,  whether  constant  or  variable,  de- 
pends greatly  upon  the  daily  and  seasonal  temperature  changes,  the 
amount  of  cloudiness,  the  frequency  and  amount  of  precipitation,  etc. 
Abundant  sunshine  and  intense  radiation  are  invariably  associated 
with  low  relative  humidity,  and  marked  variation  between  day  and 
night;  on  the  other  hand,  excessive  cloudiness  and  a  small  range  of 
temperature  conduce  to  a  high  degree  of  relative  humidity,  with 
slight  changes  from  day  to  night. 

The  distribution  of  aqueous  vapor  through  the  atmosphere  is  chiefly 
controlled  by  the  movements  of  the  air  in  its  local  and  general  circu- 
lation. If  the  atmosphere  were  perfectly  quiet  and  everywhere  of  a 
uniform  temperature,  no  condensation  would  take  place,  while  the 
aqueous  vapor  would  be  equally  diffused  in  all  directions,  satisfying 
the  law  of  diffusion  of  gases.  But  since  such  is  not  the  case  in 
nature,  it  follows  that  the  amount  of  aqueous  vapor  in  the  air  at  any 
place  must  vary  with  changes  both  in  local  atmospheric  conditions 
and  the  season  of  the  year.  And  while  these  variations  may  be  of 
considerable  moment  on  individual  dates  or  in  a  particular  season, 
yet  in  the  long  run  the  average  of  accumulated  observations  for  any 
region  may  be  safely  used  to  show  the  distinctive  characteristics  of 
that  region. 

The  results  of  a  comparison  of  the  relative  humidity  of  the  southern 
shore  of  New  England  with  that  of  certain  other  localities  in  the 
United  States  and  abroad  are  given  on  the  following  pages. 

The  stations  selected, — ^Choice  of  stations  in  New  England,  as  also  in 
other  regions,  was  necessarily  restricted  to  those  points  at  which  ob- 
servations were  made  at  the  same  hours  and  on  a  uniform  plan. 
New  Bedford  and  Woods  Hole,  Mass.,  Newport,  R.  I.,  and  New  Lon- 
don, Conn.,  were  selected  to  represent  the  coast  region  of  southern 
New  England ;  Mobile,  Ala.,  was  chosen  as  a  point  on  the  Gulf  Coast 
most  nearly  resembling  in  environment  the  New  England  stations ; 
Atlanta,  Ga.,  and  Charlotte,  N.  C,  were  selected  as  representative  of 
inland  stations  of  moderate  elevation  on  the  Piedmont  Plateau ;  and 
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Augusta,  Ga.,  and  Wilmington,  N.  C,  as  representative  of  the  tide- 
water stations  of  this  region.  Oswego  and  Utica,  N.  Y.,  were  also 
selected  on  account  of  certain  distinctive  climatic  features,  as  will 
appear  subsequently. 

The  elevation  above  sea  level  of  Atlanta  is  1,050  feet ;  Charlotte, 
725  feet ;  Utica,  537  feet ;  Oswego,  304  feet,  and  Augusta,  128  feet. 
The  remaining  stations — New  Bedford,  Woods  Hole,  Newport,  New 
London,  Wilmington,  and  Mobile  are  practically  at  sea  level. 

The  thermometers  were  exposed  at  the  following  heights  above 
ground : 

New  Bedford 6  feet. 

Woods  Hole 7  " 

Newport 19  " 

New  London 29  " 

Oswego 34  " 

Utica 2  " 

Charlotte » 34  " 

^.,    .  j  January,  1878,  to  November,  1879 26 

wummgton. . . .  ^  jjo^^^^i^gr^  ^579^  ^  December,  1880 62 


It 
tt 

Atlanta 78    " 

(  January,  1878,  to  December,  1878 28 


Augusta. ...  J  jj^^^j^yy^  ig79^  ^  December,  1880 19 

Mobile ^ 32 


n 
l( 
tt 


The  observations. — The  observations  used,  with  the  exception  of 
those  at  New  Bedford  and  Utica,  were  made  by  Signal  Service  (now 
Weather  Bureau)  observers,  at  7  a.m.,  2  p.m.,  and  9  p.m.,  local  mean 
time,  during  the  years  1878, 1879,  and  1880.  The  single-louvre  window 
thermometer  shelter  was  in  use  during  that  period,  and  artificial 
ventilation  was  not  resorted  to,  as  at  present.  The  relative  humidity 
was  deduced  from  readings  of  the  wet  and  the  dry  bulb  thermome- 
ters  by  the  formula  given  in  Guyot's  Meteorological  and  Physical 
Tables,  published  by  the  Smithsonian  Institution. 

The  observations  at  New  Bedford  were  made  by  Mr.  Thomas  R. 
Rodman,  voluntary  observer  for  that  place,  and  one  of  the  most 
careful  and  experienced  of  the  voluntary  observers  cooperating  with 
the  Weather  Bureau.  Mr.  Rodman  recorded  the  readings  of  both  wet 
and  dry  thermometers,  but  did  not  compute  the  relative  humidity,  the 
necessary  computations  being  made  in  the  Central  Office  of  the 
Weather  Bureau. 

The  Utica  observations  were  made  by  Mr.  Thomas  Birt,  Voluntary 
Observer,  Weather  Bureau,  during  parts  of  the  years  1888, 1889, 1890, 
and  1891.  The  series  is  much  broken  and  is  also  incomplete,  there 
being  no  2  p.  m.  observation.  Mr.  Births  thermometer  shelter  was 
fastened  to  a  tree  27  feet  in  the  rear  of  his  house  and  2  feet  above 
ground. 

Accuracy  of  observations, — It  should  be  remembered  that  the  relative 
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humidity  of  the  air  can  not  be  determined  with  the  same  precision  as 
its  temperature  or  pressure.  It  is  doubtful,  indeed,  whether  the  most 
accurate  observers,  working  under  identical  instructions,  can  arrive 
at  results  agreeing  within  1  per  cent  at  temperatures  above  freezing, 
and  even  greater  differences  will  occur  at  temperatures  below  freezing. 

General  remarks. — The  term  "  relative  humidity,!'  as  stated  at  the 
outset,  is  merely  a  comparative  expression  of  a  physical  fact,  viz,  the 
proximity  to  saturation  of  the  air  at  a  given  moment,  and  conveys 
no  idea  of  the  absolute  amount  of  moisture  in  the  air.  The  latter  is 
relatively  constant,  and  follows  more  or  less  closely  the  seasonal 
temperature,  the  amount  contained  in  the  air  at  any  point  being 
dependent  upon  the  temperature  of  the  place  and  its  situation  with 
reference  to  large  bodies  of  water. 

Over  the  ocean  the  mean  daily  relative  humidity  is,  on  the  average 
of  the  year,  between  80  and  90  per  cent ;  over  the  land  it  varies 
from  the  dryness  of  the  desert,  50  per  cent  and  less,  to  90  and  95  per 
cent  at  points  where  the  conditions  are  most  favorable  to  complete 
saturation.     Generally  it  is  greatest  in  winter  and  least  in  summer. 

New  England  group. — The  topographic  features  of  the  stations 
comprising  this  group  are  not  sufficiently  divergent  to  effect  the  hu- 
midity conditions  to  a  marked  extent.  The  station  at  Woods  Hole 
is  situated  on  a  narrow  strip  of  land  not  more  then  five  hundred  feet 
from  the  waters  of  Little  Harbor  on  the  one  side  and  Great  Harbor 
on  the  other.  The  adjacent  land  is  low  and  flat,  there  being  no  por- 
tion of  it  within  a  mile  of  where  the  observations  were  made  above 
one  hundred  feet  in  elevation.  These  conditions  are  all  favorable  to 
a  high  and  fairly  constant  degree  of  relative  humidity ;  in  fact,  at  no 
other  station  are  the  conditions  so  favorable  for  a  maximum  degree 
of  saturation  as  at  Woods  Hole. 

It  would  appear  from  an  examination  of  the  figures  in  Table  I  that 
the  percentage  of  relative  humidity  at  New  Bedford  is  considerably 
higher  than  at  any  other  station.  Further  examination,  however, 
shows  that  it  is  only  in  the  colder  months  of  the  year  and  at  the  morn- 
ing and  night  observations  (see  Table  II)  that  the  differences  between 
New  Bedford  and  the  remaining  stations  are  pronounced.  A  careful 
consideration  of  the  New  Bedford  observations  leads  to  the  conclu- 
sion that  the  conditions  shown  to  exist  at  the  morning  and  night 
observation  hours  in  cold  weather  are  more  or  less  artificial,  due  to 
errors  in  observation  or  some  local  effect  not  heretofore  understood 
or  explained. 

The  general  characteristics  of  the  New  England  group  may  be 
summed  up  as  follows : 

The  air  is  about  three-quarters  saturated  with  water  vapor  on  the 
average  of  the  year.  The  lowest  monthly  average  is  about  70  per 
cent;    the  highest,   80  per  cent.     The  greatest   change   from  ouq 
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month  to  another  is  about  6  per  cent  from  September  to  October. 
At  individual  stations  the  greatest  variations  are :  New  Bedford,  7 
per  cent,  March  to  April ;  Woods  Hole,  6  per  cent,  September  to  Oc- 
tober ;  New  London,  6  per  cent,  September  to  October ;  and  Newport, 
6  per  cent,  September  to  October. 

August  and  September  are  the  most  humid  months ;  April  and  May 
the  driest.  The  distribution  of  relative  humidity  throughout  the 
year  is  graphically  shown  on  Plate  I. 

New  England  compared  with  Mobile. — Mobile,  on  account  of  its  envi- 
ronment, was  selected  as  a  probable  point  in  the  Southern  States  where 
the  relative  humidity  should  agree  quite  closely  with  that  of  the 
southern  shore  of  New  England.  That  it  does  so  agree,  so  far  as 
the  general  distribution  is  concerned,  can  easily  be  seen  from  the 
curves  on  Plate  I,  and  the  numerical  values  in  Table  I.  The  only 
notable  diflference  is  in  the  time  of  occurrence  of  the  maximum  de- 
gree of  saturation,  viz :  in  winter  instead  of  in  July  and  August  as  in 
New  England.  There  is,  however,  a  secondary  maximum  in  the 
months  of  chief  maximum  in  New  England,  August  and  September. 
While  the  general  features  of  the  relative  humidity  at  both  Mobile 
and  southern  New  England  are  in  close  accord,  considering  only  the 
monthly  averages,  there  is  a  well-marked  difference  in  the  diurnal 
variation  as  will  be  shown  later. 

New  England  and  Mobile  as  compared  with  Piedmont  Plateau, — ^The 
curves  representing  the  annual  march  of  relative  humidity  on  the 
Piedmont  Plateau  and  south  Atlantic  Coast  are  essentially  different 
from  those  of  southern  New  England  and  Mobile.  There  is  a  remark- 
able decrease  in  the  relative  humidity  in  February  as  compared  with 
December  and  January,  and  the  fall  continues  until  June,  when  the 
lowest  limit  is  reached.  The  relative  humidity  then  increases  to  a 
maximum  in  August,  decreasing  again  to  a  second  minimum  in  No- 
vember. Although  the  inland  stations  of  this  group  are  rather  widely 
separated,  the  monthly  averages  are  in  close  accord  and  indicate  clearly 
(a)  that  the  variations  from  month  to  month  are  greater  than  on  the 
southern  New  England  or  Gulf  coasts;  (b)  that  the  greatest  ex- 
tremes of  dryness  are  reached  in  the  late  winter  and  spring  months,. 
February  to  May,  inclusive,  and  (c)  that  the  air  is  considerably  drier 
on  the  average  than  on  the  Gulf  Coast  or  southern  New  England. 

The  differences  here  noted  are  chiefly  those  due  to  geographic  loca- 
tion with  respect  to  large  bodies  of  land  or  water.  The  coast  stations 
partake  more  or  less  of  the  climate  of  the  ocean,  particularly  if  situ- 
ated so  that  the  prevailing  winds  are  from  the  sea.  In  the  summer 
season  the  winds  of  southern  New  England  are  chiefly  from  the  south 
and  southwest,  thus  tempering  the  climate  of  the  land  and  insuring 
a  uniform  supply  of  moisture.  The  climate  of  New  England,  the 
year  round,  is  noted  for  its  changeableness,  its  great  ranges  of  tem- 
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perature,  and  the  alternating  of  clear  and  cloudy  skies  at  short  inter- 
vals. The  great  atmospheric  disturbances  which  are  continually 
moving  across  the  country,  pass  directly  over  or  near  its  borders. 
Each  cyclonic  storm  causes  an  increase  of  temperature  and  more  or 
less  cloudy  weather,  and  a  varying  period  of  complete  saturation. 

The  climate  of  the  Piedmont  Plateau  and  south  Atlantic  and  Gulf 
coasts  differs  from  that  of  New  England  in  that  the  weather  condi- 
tions are  more  settled ;  the  number  of  cyclonic  storms,  as  compared 
with  those  of  New  England,  is  in  the  ratio  of  about  one  to  three. 
The  cloudiness  is  less,  as  is  also  the  number  of  rainy  days,  although 
the  rainfall  is  from  10  to  16  per  cent  greater.  The  winds  of  summer, 
except  on  the  immediate  coast,  are  warm  and  relatively  dry,  as  com- 
pared with  the  southerly  winds  so  prevalent  on  the  southern  coast 
of  New  England. 

The  low  relative  humidity  of  the  spring  and  early  summer  months 
at  the  inland  stations  of  the  South  is  in  strong  contrast  to  the  con- 
ditions that  obtain  on  the  coast.  Wilmington  though  8  or  10  miles 
distant  from  the  sea,  shows  the  influence  of  the  water  very  plainly. 

Northern  Central  New  York, — The  causes  which  contribute  to  a  more 
or  less  uniform  condition  of  relative  humidity  on  the  sea  coast  are 
also  effective  in  producing  a  fairly  constant  degree  of  humidity  near 
the  Great  Lakes,  notably  in  northern-central  New  York,  over  a  region 
extending  eastward  through  a  portion  of  the  Mohawk  Valley. 

The  distinguishing  characteristics  of  this  part  of  the  State  are : 
( 1 )  a  large  number  of  rainy  days,  although  the  amount  on  each  day 
is  small;  (2)  excessive  cloudiness,  and  (3)  a  temperature  modified 
by  proximity  to  the  lakes.  The  cloudiness  is  considerably  greater 
than  that  of  New  England,  and  much  greater  than  that  of  the  South. 
The  cloud  layer  serves  as  a  screen  to  protect  the  earth  from  excessive 
insolation  by  day  and  radiation  by  night.  The  temperature  is,  there- 
fere,  more  uniform  than  it  would  otherwise  be,  and  the  changes  in 
relative  humidity  correspondingly  less.  Unfortunately,  the  observa- 
tions of  relative  humidity  for  this  region  are  quite  meagre,  unless  we 
accept  those  made  at  Oswego  or  Rochester.  The  series  at  Utica  is  in- 
complete, there  being  no  midday  observation.  At  the  morning  and 
evening  hours,  however,  the  relative  humidity  appears  to  be  quite 
constant,  and  the  air  is  more  nearly  saturated  than  at  Oswego  directly 
on  the  lake.  The  Mohawk  Valley,  in  which  Utica  is  situated,  is  a 
deep  depression  between  the  highlands  of  northern  and  central  New 
York.  The  prevailing  winds  are  almost  exclusively  in  the  direction 
of  the  valley,  viz :  easterly  and  westerly.  The  valley  winds  at  night 
are  almc/bt  invariably  cool  and,  consequently,  relatively  moist.  The 
2  p.  m.  observation  at  Oswego  shows  that  in  the  warmer  months  of 
the  year  the  midday  humidity  is  not  greatly  different  from  that  of 
southern  New  England.    By  reference  to  Table  VII  it  will  be  seeix 
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that  the  monthly  mean  temperatures  of  Utica  and  Oswego  are  prac- 
tically the  same.  It  is  therefore  reasonable  to  assume  that  their 
humidities  are  not  widely  different. 

Extreme  monthly  variation. — The  extreme  variation,  at  all  stations 
thus  far  considered,  during  the  year  is  as  follows : 

(Greatest  monthly  average  minuB  ( — )  least). 

Woods  Hole 12  per  cent 

New  Bedford 10  per  cent 

Newport 7  per  cent 

New  London 6  per  cent 

Oswego 8  per  cent 

Charlotte 17  per  cent 

Wilmington 6  per  cent 

Atlanta 17  per  cent 

Augusta 10  per  cent 

Mobile 8  per  cent 

a 

The  foregoing  statements  include  the  main  points  of  difference, 
considering  only  the  monthly  means. 

Diurnal  Variation. — Each  monthly  mean  should  be  considered  as  a 
composite  made  up  of  the  means  at?  a.  m.,  2  and  9  p.m.  The  diurnal 
variation  of  relative  humidity  in  its  simplest  phase,  is  as  follows : 
The  maximum  takes  place  during  the  early  morning  hours,  and  the 
minimum  from  1  to  4  p.  m.,  being  simply  the  inverse  of  the  daily  tem- 
perature changes.  The  mean  relative  humidity  at  7  a.  m.,  in  the 
winter  months,  is  considerably  above  the  mean  of  the  twenty-four 
hours,  but  with  the  approach  of  summer  the  difference  j^ecomes  less. 
The  mean  at  2  p.  m.  represents  fairly  well  the  lowest  point  reached 
during  the  day,  while  the  mean  at  9  p.  m.  is  greater  than  the  daily 
mean. 

Differences  as  shown  by  means  at  7  a.  m.,  2  and  9  p..  m. — The  means 
at  7  a.  m.,  2  and  9  p.  m.  have  been  calculated  for  each  of  the  stations 
examined,  and  the  results  will  be  found  in  Table  II  and  in  diagram- 
matic form  for  January  and  July  on  Plate  II. 

It  is  at  once  apparent  that  while  the  monthly  means  at  any  two 
places  may  agree  within  a  fraction  of  one  per  cent,  there  may  be  con- 
siderable difference  in  the  daily  range ;  thus  the  monthly  means  of 
Newport  and  Mobile  for  March  are  identical — 72.3  per  cent — ^yet  the 
range  at  Mobile  is  from  85  per  cent  at  7  a.  m.  to  55  per  cent  at  2  p. 
m.,  while  at  Newport  the  range  is  from  77  per  cent  at  7  a.  m.  to  65 
per  cent  at  2  p.  m.  While  this  is  an  extreme  case  it  illustrates  very 
forcibly  the  main  point  of  difference  between  the  humidity  regime  of 
the  two  places.  Table  III  (from  which  the  foregoing  illustration  was 
drawn)  was  prepared  to  show  the  extent  of  the  variation  from  7  a. 
m.  to  2  p.  m.,  or  from  2  to  9  p.  m.  for  all  stations.     ( See  also  Plate  III. ) 

From  these  data  it  will  be  observed  that  the  relative  humidity  at 
Woods  Hole  is  more  constant  than  at  any  other  station.    It  is  like- 
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wise  the  Btation  most  exposed  to  the  influence  of  the  ocean.  The 
greatest  variations  are  found  at  Augusta,  Wilmington  and  Mobile, 
in  the  order  named.  The  variations  at  New  Bedford  are  believed 
to  be  unduly  large,  and  they  have  not  been  considered  as  repre- 
senting southern  New  England. 

Influence  of  the  winds. — The  distribution  of  relative  humidity 
throughout  the  day  at  the  New  England  stations  differs  again  from 
that  of  the  southern  stations  on  account  of  the  prevailing  winds.  On 
the  southern  coast  of  New  England  the  prevailing  winds  of  the  warmer 
months  (especially  at  2  and  9  p.  m.)  are  from  the  south  and  south- 
west, directly  from  a  water  surface  cooler  than  the  land.  As  a  result 
the  relative  humidity  during  the  warmer  hours  of  the  day  is  kept  at 
a  figure  not  far  from  the  average  at  7  a.  m.,  while  at  9  p.  m.  the  amount 
is  even  greater  than  in  the  morning,  thus  reversing  the  conditions 
which  obtain  at  interior  stations. 

The  prevailing  winds  of  New  England  in  winter  are  from  the 
northwest.  The  northwest  wind  is  a  dry  wind  throughout  the  year 
and  tends  to  maintain  the  relative  humidity,  during  its  prevalence, 
at  or  near  the  lowest  limit  of  the  year. 

The  wind  system  of  Mobile  is  somewhat  different  from  that  of 
New  England,  as  will  be  seen  by  the  table  which  follows.  The  per- 
centage of  northerly  winds  at  Mobile  is  much  greater  than  at  New- 
port. In  winter  the  north  wind  at  Mobile  is  relatively  drier  than 
the  same  wind  in  New  England,  particularly  during  the  warmest 
part  of  the  day.  In  summer  the  reverse  is  the  case  during  the  morn- 
ing and  evening,  but  the  north  winds  of  the  warmest  portion  of  the 
day  are  relatively  drier  than  those  of  New  England.  The  winds 
from  water  surfaces  at  Mobile  do  not  differ  greatly  from  similar  winds 
on  the  southern  shore  of  New  England. 

The  winds  at  inland  stations  are  less  regular;  that  is  to  say, 
they  do  not  blow  from  any  one  quarter  with  the  regularity  observed 
on  the  sea  coast.     They  are  of  course  drier  than  the  coast  winds. 

The  relative  humidity  of  the  winds  varies  greatly  with  the  hour  of 
the  day,  the  season  of  the  year,  and  the  geographic  location  of  the 
place.  The  following  table  shows  the  relative  humidity  of  the  various 
winds  for  January  and  July  at  four  stations  only. 
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EelaUw  humidity  of  (he  varu^us  winds  for  Janttary  and  July. 

(The  number  of  winds  Is  fciven  in  the  oolumn  headed  "  W/') 

JANUARY. 


I>lreotion. 


N  .. 
NB. 
B... 
SE.. 
S... 

sw. 
w.. 

NW 
C... 


Newport. 


7  a.  m. 


W. 


14 

7 

4 

2 

2 

80 

28 

19 

8 


R.H. 


81 
71 
08 
95 
96 
88 
TO 
70 
71 


8  p.  m. 


W. 


7 
6 
4 

8 

4 

88 

81 

88 

1 


R.H. 


78 
79 
85 
71 
58 
74 
54 
56 
65 


9  p.  m. 


W. 


8 

6 

4 

4 

9 

17 

25 

18 

8 


R.H. 


77 
77 
90 
88 
88 
78 
66 
66 
74 


Charlotte. 


7a<m. 


W. 


10 
88 
9 
8 
8 
16 
9 
8 
2 


R.H. 


88 
80 
85 
95 
88 
88 
88 
79 
100 


2p 

.m. 

9  p. 

m. 

w. 

R.H. 

W. 

R.H. 

8 

67 

10 

74 

16 

70 

18 

78 

14 

68 

14 

78 

5 

58 

5 

74 

10 

62 

10 

88 

21 

58 

18 

72 

11 

58 

6 

79 

8 

58 

11 

56 

1 

87 

Direction. 


7  a.m. 


Wilmington. 


8  p.m. 


W.   I  R>H. 


N  .. 
NE 

E... 
8E.. 
S  ... 
8W. 
W.. 
NW 
C... 


14 

78 

24 

81 

4 

87 

18 

79 

3 

61 

14 

88 

11 

95 

10 

78 

10 

86 

W. 

R.H 

10 

60 

18 

55 

8 

56 

10 

62 

6 

57 

15 

51 

12 

60 

16 

45 

8 

62 

9  p.m. 


W.     R.H.     W 


Mobile. 


1 

69 

12 

80 

12 

79 

5 

81 

6 

88 

19 

77 

7 

67 

11 

61 

12 

81 

28 
4 
6 
5 

28 
4 
1 
9 

14 


•  m. 

8p 

.m. 

9p 

.m. 

R.H. 
88 

W. 

27 

R.H. 
54 

W. 

21 

R.H. 

66 

71 

4 

41 

5 

76 

84 

4 

57 

8 

76 

95 

7 

77 

4 

88 

97 

87 

75 

86 

92 

94 

8 

68 

6 

84 

60 

5 

52 

2 

78 

82 

6 

55 

6 

73 

08 

9 

85 

JULY. 


Newport. 


Charlotte. 


Direction. 


7a.m 


W.     R.H 


N  . 
NE 

E.. 
SE. 
8.. 
8W 
W  . 
NW 
C. 


9  p.m. 


w. 

R.H. 

W. 

4 

71 

7 

4 

71 

11 

8 

76 

5 

6 

88 

4 

18 

82 

8 

44 

86 

11 

4 

68 

10 

4 

72 

5 

7 

80 

1 

m. 

8p 

.m. 

R.H. 

W. 

R.H. 

65 

5 

61 

77 

4 

49 

79 

10 

60 

81 

5 

58 

85 

8 

58 

79 

12 

61 

71 

12 

49 

64 

6 

48 

96 

9  p.m. 


w. 

R.H. 

6 

TO 

8 

74 

1 

75 

7 

68 

17 

TO 

6 

66 

4 

81 

6 

sr 

2 

66 

Direction. 


N  . 

NE 

E.. 

SE., 

8  .. 

8W 

W. 

NW 

C. 


WilminfTton. 


Mobile. 


7a 

.m. 

2p 

•  m. 

9p 

.m. 

7a 

V. 

R.H. 

W. 

R.H. 

W. 

R.H. 

W. 

8 

86 

1 

44 

2 

88 

88 

88 

80 

6 

64 

6 

78 

6 

10 

82 

16 

50 

15 

70 

7 

8 

75 

17 

56 

11 

79 

6 

5 

88 

84 

62 

94 

74 

18 

86 

85 

15 

64 

85 

88 

11 

15 

79 

8 

60 

1 

86 

14 

8 

88 

5 

54 

8 

80 

9 

8 

86 

1 

75 

6 

79 

6 

R.H. 


84 
86 
88 
81 
80 
84 
88 
81 
88 


2p 

.m. 

V. 

R.H. 

7 

61 

6 

58 

8 

08 

11 

60 

88 

59 

10 

TO 

8 

74 

8 

78 

1 

64 

9  p.m. 


w. 

R.H. 

18 

88 

8 

88 

8 

77 

7 

84 

85 

78 

80 

78 

9 

76 

7 

88 

7 

83 
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The  foregoing  table  preseuts  a  variety  of  detail  that  the  reader  may 
study  for  himself.  The  broader  generalizations  suggested  by  the  data, 
are  as  follows:  (a)  The  northwest  wind  is  the  dry  wind  at  almost 
all  stations  and  for  all  seasons,  an  exception  being  noted  in  the  case 
of  Mobile  for  9  p.  m.  of  July.  Here  the  winds  from  a  northerly 
quarter  are  the  relatively  moist  winds.  A  warm  wind  blowing  over 
a  cooler  surface,  or  a  wind  that  by  any  means  loses  a  portion  of  its 
heat  without  the  condensation  of  any  of  its  moisture,  becomes  a  rela- 
tively moist  wind,  (b)  The  winds  from  the  sea  are  generally  the 
more  constant  as  regards  vapor  contents,  a  notable  example  being  the 
southwest  wind  of  the  New  England  Coast,  (c)  A  moist  wind  on  the 
immediate  coast  does  not  necessarily  carry  its  moisture  a  considerable 
distance  inland;  the  contrary  is  sometimes  the  case;  for  example, 
the  northeast  wind  at  Wilmington  in  January,  although  almost 
direct  from  the  sea,  is  relatively  drier  than  the  same  wind  at  Char- 
lotte, nearly  200  miles  inland.  This  is  probably  an  effect  of  the 
higher  temperature  at  Wilmington  during  the  winter  months. 

Accidental  variations, — ^Thus  far  monthly  means  only  have  been  con- 
sidered. It  is  now  proposed  to  look  into  the  fluctuations  due  to  sud- 
den changes  in  temperature  and  other  atmospheric  conditions.  In 
order  to  compare  the  sudden  and  marked  changes  in  relative  humi- 
dity, the  observations  were  examined  to  find  the  greatest  change, 
whether  a  rise  or  fall,  from  one  observation  to  the  next  succeeding 
one,  and  the  changes  so  found  were  tabulated  and  averaged.  The 
averages  are  given  in  Table  IV.  The  sudden  changes  are  generally 
greater  at  the  southern  stations,  except  in  July  and  August,  when  the 
changes  in  New  England  are  greater  than  those  at  Charlotte  and 
Atlanta,  and  about  equal  to  those  of  the  remaining  southern  stations. 

Lowest  relative  humidity;  individual  cases, — Table  V  shows  the  aver- 
ages of  the  lowest  individual  cases  of  relative  humidity  recorded 
each  month  of  the  years  of  observation.  As  in  the  case  of  the  great- 
est range,  the  lowest  values  occur  in  the  spring  months  and  at  the 
inland  stations  of  the  South.  These  data  are  important  as  showing 
the  lowest  limit  of  dryness  reached  in  the  respective  sections.  The 
degree  of  dryness  that  prevails  at  times  for  periods  of  twenty-four 
and  forty-eight  hours,  is  shown  by  the  data  of  Table  VI.  Generally 
these  periods  of  extreme  dryness  do  not  extend  over  two  or  three  days. 

Relative  humidity  inside  and  outside, — The  ordinary  thermometer 
shelter  is  generally  placed  on  the  roof  of  a  building,  or  attached  to 
a  window  facing  the  north,  or  failing  these,  is  placed  on  a  ground  sup- 
port at  some  distance  from  the  building. 

In  applying  statistics  of  relative  humidity  obtained  from  instru- 
mental readings  made  in  the  open  air  in  the  ordinary  thermometer 
shelter  to  inside  conditions,  it  may  be  well  to  inquire,  "  What  is  the 
relation  between  the  humidity  inside  of  a  building  and  outside  of  it?" 

Beginning  March  1,  1896,  the  relative  humidity  of  the  observers' 
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room,  third  and  top  story  of  the  Weather  Bureau  building,  W9,8  de- 
termined at  the  time  of  making  the  2  p.  m.  observation.  The*  room 
is  heated  by  steam  and  fairly  well  ventilated.  An  open  stairway 
leads  to  the  halls  below. 

The  average  temperature  of  the  room  during  March  was  72°,  rela- 
tive humidity  32  per  cent ;  the  average  outside  air  temperature  was 
32°,  relative  humidity  64  per  cent.  The  outside  humidity  ranged 
from  38  per  cent  to  complete  saturation,  100  per  cent;  the  inside 
from  24  to  57  per  cent.  The  extreme  variation  from  one  day  to 
another  at  the  same  hour  was,  outside  46  per  cent,  inside  24  per  cent. 
The  variations  inside  were  on  the  average  very  much  less  than  on  the 
outside,  as  would  be  expected  by  reason  of  the  uniform  temperature 
inside.  The  March  observations  are  fairly  typical  of  a  winter  month 
when  the  conditions  are  most  favorable  for  extreme  dryness.  When, 
however,  the  outside  and  inside  temperatures  approach  each  other,  the 
relative  humidities  also  become  more  nearly  equal. 

Thirteen  observations  have  thus  far  been  made  in  the  present  month 
(to  April  22),  with  the  following  results:  Outside  temperature  68°, 
relative  humidity  46  per  cent;  inside  temperature  78°,  relative 
humidity  37  per  cent ;  ranges  in  relative  humidity,  outside,  from  32 
to  81  per  cent;  inside,  from  25  to  44  per  cent;  greatest  daily  range, 
outside,  43  per  cent;  inside,  13  per  cent. 

From  the  13th  to  the  21st  mid-summer  weather  prevailed,  the 
average  temperatures  inside  and  outside  being  83.4°  and  84.6°,  respect- 
ively. The  relative  humidities  during  the  same  period  were  40  and 
41  per  cent,  respectively.  The  foregoing  facts  show,  among  other 
things,  the  importance  of  a  uniform  temperature  whenever  uniform 
humidity  conditions  are  desired,  and  that  outside  hygrometric  ob- 
servations cannot  be  relied  upon  as  giving  true  humidity  values  for 
the  interior  of  buildings  except  when  the  temperatures,  inside  and 
outside,  are  practically  the  same. 

Manufacture  of  cotton  abroad;  climatic  influences  affecting. — The  manu- 
facture of  cotton  is  carried  on  in  various  parts  of  the  globe  and  un- 
der widely  different  climatic  influences.  The  oldest  cotton  produc- 
ing country  is  India,  where  it  has  been  grown  and  manufactured  from 
time  immemorial.  Cotton  fabrics  were  known  in  China  before  the 
Christian  era,  and  early  mention  is  made  of  the  cultivation  of  the 
plant  in  Egypt,  Asia  Minor  and  in  other  countries  bordering  on  the 
Mediterranean.  The  manufacture  of  cotton  on  an  extensive  scale, 
however,  appears  to  have  centered  in  and  about  Manchester,  England, 
from  an  early  period  of  the  seventeenth  century.  The  idea  that  the 
tendency  to  concentrate  the  cotton  manufacturing  industry  in  Lancas- 
ter was  originally  due 'to  the  advantage  of  climatic  conditions,  can 
hardly  be  entertained.  To  cheaper  accommodations  for  carrying  on  the 
work,  the  lower  wages  of  workmen,  the  proximity  to  rich  coal  fields,  and 
RelHu 2 
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the  advantages  of  water  transportation  must  be  ascribed  the  great  de- 
velopment of  the  industrial  arts  that  has  made  IVFanchester  famous 
throughout  the  civilized  world.  Some  of  the  causes  that  once  oper- 
ated to  concentrate  the  industry  in  Manchester  are  now  operating  to 
distribute  it  to  the  outlying  towns  and  villages.  The  town  of  Old- 
ham, about  6  miles  northeast  of  Manchester,  at  an  elevation  of  688 
feet  above  mean  sea  level,  is  one  of  the  most  important  seats  of 
cotton  manufacture  in  the  world.  Its  importance  is  largely  due  to 
the  fact  that  it  is  on  the  edge  of  the  Lancashire  coal  field  where  the 
mineral  is  very  easily  obtained. 

Lancashire^  climate  of, — It  has  not  been  possible  to  obtain  statistics 
of  relative  humidity  for  either  Manchester  or  Oldham,  but  sufficient 
data  have  been  obtained  from  the  reports  of  the  Royal  Meteorological 
Society  for  surrounding  points  in  Lancashire,  Derby,  Cheshire,  and 
Stafford  (as  shown  on  Plate  IV)  to  arrive  at  a  very  close  estimate 
of  the  conditions  which  prevail  throughout  Lancashire.  The  cli- 
mate of  Lancashire  has  no  counterpart  in  the  United  States.  The 
range  of  temperature  is  exceedingly  small  (see  Table  VII),  the  sum- 
mers are  cool,  and  there  is  little  change  from  day  to  night.  The 
rainfall  is  a  little  less  than  that  of  New  England,  but  the  number  of 
rainy  days  is  greater.  The  cloudiness  is  greater  than  in  any  portion 
of  the  United  States,  as  is  also  the  relative  humidity.  The  latter  is 
remarkably  constant,  on  account  of  the  even  temperature  and  the 
extremely  small  daily  range.  It  should  be  remembered,  however, 
that  the  averages  of  relative  humidity  for  English  stations  have  been 
computed  from  but  two,  and  in  some  cases  but  one,  daily  observa- 
tion. They  are  not  therefore  strictly  comparable  with  those  of  Amer- 
ican stations,  in  which  a  midday  observation  has  been  included.  As 
before  stated,  the  capacity  of  the  air  for  vapor  increases  tery  greatly 
with  the  temperature.  At  a  temperature  of  40°  saturated  air  con- 
tains 2.86  grains  of  aqueous  vapor  per  cubic  foot ;  at  twice  that  tem- 
perature (80°)  a  cubic  foot  contains  nearly  four  times  as  much  vapor, 
viz :  10.93  grains.  The  mean  summer  temperature  of  Oldham  is  not 
far  from  58° ;  at  that  temperature  the  capacity  of  the  air  for  vapor  is 
about  onc'third  less  than  it  is  in  southern  New  England^  with  a  mean 
summer  temperature  of  68°.  The  amount  of  vapor  sufficient  to  cause 
a  high  relative  humidity  at  Oldham  would, *there fore,  cause  only  a 
moderate  degree  of  saturation  at  the  temperatures  which  obtain  in 
New  England.  The  conditions  which  dominate  the  weather  of  Lan- 
cashire come  chiefly  from  the  Atlantic  Ocean.  In  the  United  States 
the  controlling  influences  come  from  the  west,  giving  more  or  less  of 
a  continental  character  to  the  weather  of  the  eastern  seaboard. 

India,  climate  of, — The  extensive  erection  of  cotton  mills  in  Bom- 
bay, the  Madras  Presidency,  and  Bengal,  within  recent  years,  has 
caused  the  Lancashire  merchants  to  fear  the  competition  of  India.    The 
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climatic  conditions  of  Bombay,  Madras,  and   Dacca  are  shown  in 
Tables  I,  VII,  VIII,  and  IX. 

■  The  predominating  featurf^s  of  Indian  climate  are  the  semiannual 
reversal  of  the  wind  system  and  associated  phenomena.  The  figures 
given  in  the  tables  above  named  have  been  taken  from  Report  on  the 
Meteorology  of  India,  1890,  John  Eliot,  M.  A.,  Calcutta,  1892,  to 
which  the  reader  must  be  referred  for  further  details  as  to  the  climatic 
phenomena  of  that  country. 

Attention  is  directed  to  the  averages  of  relative  humidity  at  Dacca, 
which  place,  it  will  be  remembered,  is  famous  for  the  exquisite  tex- 
ture of  its  muslins.  The  annual  march  is  not  unlike  that  of  the 
Piedmont  Plateau,  except  as  regards  the  strength  of  the  maximum 
during  the  southwest  monsoon.  The  manufacture  of  cotton  in  India 
by  native  artisans  is  not  confined  to  any  particular  locality,  but  is 
diffused  throughout  the  central  provinces  and  on  both  coasts  under 
widely  varying  climatic  conditions. 

From  the  foregoing  it  would  appear  that  thus  far  in  the  develop- 
ment of  the  cotton  manufacturing  industry  little  account  has  been 
taken  of  climatic  conditions  as  affecting  the  quantity  or  quality  of 
the  output.  It  is  also  apparent  that  the  relative  humidity  of  the 
atmosphere  depends  not  only  on  the  absolute  quantity  of  vapor  pres- 
ent in  the  air,  but  also  on  the  temperature  which  determines  the  point 
of  saturation,  and  that  these  elements  vary  both  as  regards  time  and 
geographic  situation. 

The  control  of  both  temperature  and  humidity  by  artificial  means 
seems  to  be  the  final  solution  of  the  problem  in  all  cases  where  the 
establishment  of  mills  in  a  relatively  dry  section  is  contemplated. 

Table  I. — Monthly  mean  relative  humidity  at  tht  stations  named  for  the  three  years 
1878,  1879,  and  1880,  except  at  Utica  and  the  foreign  stations. 


stations. 


New  Bedford,  Mass ,  88.7^ 

Woods  Hole,  Mass -j  ^^'q 

Newport.  R.  I '  71.6 

New  London,  Conn -j  ^^qIq 

Oswego»N.Y '  78.9 

Utlca,N.  Y 


• 

« 

>k 

u 

u 

ai 

CS 

9 

ts 

Ui 

a 

Xi 

08 

^ 

•^ 

u* 

S8.7 

86.0 

J3 

2 

08 


U 

a 
< 


77.11 
85.  o! 
72.8! 
71.91 
75.  Oi 


82.8:  76.1 1 
74.4   73.9 


83.0, 
72.5! 
71.5 
78.0' 


81.0 
71.6) 
69.1 
72.0 


CO 


75.6 
74.8 
89.0 

n.5 

70.5 
80.0 


71.71  69.8' 


Cbarlotte,  N.  C 73.4 

Wilmington,  N.  0 70.2 

Atlanta, Ga '  69.4 

Angnsta,  6a 78.8 

Mobile.Ala 77.6 

English  stations.  \ 

Lancaster,  Lan 

Blackpool,  Lan 90 

Bolton,  Lan '90 

Macolesfield,  Cbes {  90 

Northwlch,  Ches i  94 

*  From  observations  at  8  a.  m.  and  8  p. 
t  From  observations  at  8  a.  m.  and  8  p. 


62.61 
66.8 

.58. 0' 
63.9 

72.0 

90 
88 
89 
90 


68.4'  67.2 
!  80.2j  88.2 

80.5,  58.  sl  60.6 
66.2  64. 9  70.6 


56.5 
62-1, 


68.. 5  60.6 
63.2,  61.0 


72.8  71. 6  78.2 


80 
80 
80 
84 
86 


71 
72 
78 
77 
88 


74 
74 
72 

78 
83 


1 
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»4 

1 

V 

« 

Xi 

• 

• 

o 

00 

S 

9 

Xi 

B 

:i 

s 

0 

0 

0  > 

^ 

►^ 

< 

Z2 

®  1 

78.5!  82.1 

88.2 

85.7 

81.8 

78.9  82.5 

82.9 

79.7  78.7, 

87.  oi  87. 0 

88.0 

89.0  80. 0' 

76.2 

76.7 

78.7 

78.8!  78.41 

74.6 

77.1 

78.4 

79.1,  72.8; 

81.0.  79.0 

82.0 

82.0  77.0* 

73.8 

69.8 

72.0 

71.5  69.6 

82.6 

86.4 

84.7 

89. 2j  80.2 

58.2  65.7 

76.0 

67.0  67.6 

70.5  78.6 

78.6 

75.0  74.8 

69.1   68.8 

78.8 

69. 2>  69.8 

60.0  64.6 

71.1 

69.7  71.9 

71. 9I  75.1 

76.7 

75.2 

77.5^ 

78    1  78 

84 

82 

84 

79    '  76 

81 

82 

86 

78      76 

82 

80 

86 

77       80 

84 

86 

88 

78 

80 

76 

[80 

87 

0 

Xi 

a 

o 


81.6 
70.7 


»4 

Xi 

a 

0) 

o 
«> 

p 


87.01 
74.81 


82.0,  83.0 
72.9  74.2 


70.1. 
77.0 


71.8 
76.0 


71.6!  74.8 
81. 4' 


»4 


82.0 
76.5 
840 
74.0 
78.4 
77.0 

71.0 


e7.a  71.7  65.6 

72.2  71.4  71.2 

66.81  69.8  64.4 

78.0  72.1  67.2 

78.6  79.5  75.1 


87 
89 
89 
90 
98 


90 
90 
89 
90 
92 


82 
82 
82 
85 
84 


m.,  2k  years, 
m.,  7  years. 
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Table  I. — Monthly  mean  relative  humidity  at  the  stations  named,  etc. — Continued. 


Btates. 


Engli$h  ttatUmt—CojiVA, 

Buxton,  Derby.  % 

Cheadle,  Staf .  X 

Indian  stations. 

Bombay 

Dacca 

Madras 


P 

S 


88 
90 

70 
69 
74 


«8 
0 
u 
Xi 

9 


90 
9S 


64 
78 


• 

Xi 

■ 

u 

T 

a 

o. 

>i 

< 

88 

86 

87 

88 

78 

75 

67 

78 

74 

74 

82 

78 

74 
80 


« 

*» 

00 

• 

1 

p 

p 

p 

^ 

•^ 

< 

82 

84 

86 

80 

86 

86 

82 

87 

87 

87 

87 

87 

64 

67 

71 

88 
88 

86 
86 
78 


u 
o 

o 

♦J 
O 


»4 

8 

o 

o 


89 

90 

89 

92 

80 

71 

80 

72 

79 

80 

u 
Xi 

B 


91 
92 

70 
71 

78 


87 
87 

77 

78 


t  Mean  of  9  a.  m.  and  9  p.  m.  observations;  mean  of  9  a.  m.  obs.  at  other  English  stations. 

Table  II.— Monthly  mean  relative  humidity  at  the  hours  of7a.m,,  2  and  9  p.m., 

local  m^ean  time,  at  the  statioTis  named  below  (1878-1880). 


Station. 


January. 
2. 


New  Bedford. Mass. . 
Woods  Hole,  Mass. . . 

Newport,  R.  I 

New  London,  Conn . . 


Oswego,  N.  Y.  ... 
Utlca,N.  y.*  .... 

Charlotte,  N.  C  .. 
Wilmington,  N.C 

Atlanta,  Ga 

Augusta,  Ga 

Mobile,  Ala 


7. 


94 
79 
76 
79 

78 


68 

82 

78 
88 

88 


9. 


69 
72 
65 
67 

60 


68 
66 

61 
61 

64 


February. 


90 

94 

76 

79 

78 

78 

77 

77 

76 

76 

72 

76 

74 

78 

69 

68 

77 

78 

80 

88 

2. 


76 
74 
66 
68 

67 


60 
50 

49 
49 

57 


9. 


89 
78 
76 
75 

72 


61 
71 

68 
65 

76 


March. 


88 
78 

75 


78 
79 

68 

78 

85 


2. 


72 
68 
65 
68 

68 


47 

48 

46 
44 

55 


9. 


89 
77 
74 
75 

71 


April. 


62 
72 

66 
65 

77 


7. 

2. 

9. 

81 
77 
78 
74 

62 
67 
62 
50 

85 
78 
75 
75 

72 
80 

68 

•  ■  «  • 

70 

80 

71 
76 

44 

46 

61 
73 

69 
76 

48 
46 

58 
67 

81 

56 

77 

May 

• 

7. 

2. 

9. 

79 
76 
77 
78 

62 
67 
61 
62 

86 
81 
77 
76 

74 

84 

50 

•  ■  •  ■ 

68 

82 

72 
80 

46 
55 

64 

77 

7« 

74 

48 
43 

62 
67 

88 

57 

79 

June. 


7. 

2. 

80 
79 
80 
78 

68 
72 
66 
66 

79 
85 

65 

>  •  *  • 

67 
79 

46 
65 

69 
78 

47 
48 

80 

60 

87 
86 
80 
80 

78 

80 

68 
77 

61 
64 

77 


Stations. 


New  Bedford,  Mass. . 
Woods  Hole,  Mass. . . 

Newport,  R.  I 

New  London,  Conn.. 

Oswego.  N.  Y 

mica,  N.Y 

Charlotte,N.  C 

Wilmington, N.C  .... 

Atlanta,  Ga 

Augusta,  Ga 

Mobile,  Ala 


1 

July 

• 

A 

7. 

2. 

9. 

7. 

86 
88 
80 
79 

70 
78 
65 
60 

90 

87 
82 

84 

87 
86 
88 
82 

78 
86 

60 

•  •  • 

78 
85 

81 
85 

76 
82 

51 
60 

70  i  84 
79  '  86 

78 
76 

58 

48 

65 
70 

84 
82 

82 

68 

81 

89 

August. 


8. 


71 
75 
69 
69 

62 


68 
66 

60 
55 

56 


9. 


91 

88 
84 
84 

78 
84 

78 
84 

76 
76 

85 


September. 

7. 

2. 

9. 

91 

84 
85 

84 

75 
72 

68 
70 

91 
83 
82 

84 

81 
91 

61 

•  •  •  ■ 

78 
88 

80 
86 

51 
59 

70 
80 

81 
81 

57 
54 

70 
75 

86 

58 

82 

October. 


89 
80 
81 
80 

77 
81 

80 
86 

79 
M 

87 


67 
64 
61 

00 


51 
56 


9. 


86 
75 
76 

77 

71 
80 

71 
81 


58  ;  71 
66     76 


62     82 


l^ovember. 

December. 

7. 

2. 

9. 

7. 

2. 

9. 

92 
75 
79 
76 

68 
65 
66 
62 

85 
72 
78 
78 

92 

78 
78 
75 

78 
71 
68 
66 

91 
75 
77 
74 

76 

84 

66 

72  78 
79  

72 

75 

79 

88 

54 

56 

60 

78 

82 

82 

60 
58 

78 
75 

76 
88 

57 

58 

65 
77 

79 
82 

61 
58 

60 
78 

88 

64 

84 

86 

70 

88 

Table  III. — Daily  range  of  relative  humidity  as  deduced  from  observations  at  7  A.  m., 

2  and  9  p.  m,,  local  mean  time,  at  places  named. 


Stations. 


New  Bedford,  Mass — 

Woods  Hole,  Mass 

Newport,  R.  I 

Now  London,  Conn . .  .*. 

Oswego,  N.  Y 

Utlca.N.Yt 


Charlotte,  N.C 

Wilmington,  N.C 

Atlanta,  Ga 17 

Augusta,  Ga 

Mobile,  Ala 


• 

• 

* 

i 

Xi 

1 

■ 

Xi 

o 

■ 

• 

5 

• 

0 

■ 

0 

o 

a 

o 

i 

•^ 

^ 

s 

< 

s 

•-S 

H9 

< 

x 

O 

Z, 

P 

25 

18 

17 

23 

24 

19 

80 

80 

16 

80 

84 

14 

7 

5 

10 

11 

14 

14 

9 

13 

12 

13 

10 

7 

11 

12 

12 

16 

16 

14 

17 

15 

17 

17 

18 

10 

12 

14 

18 

16 

14 

15 

15 

15 

14 

19 

14 

9 

9 

8 

18 

10 

15 

14 

16 

18 

80 

17 

10 

6 

21 

26 

86 

27 

86 

28 

25 

28 

20 

80 

85 

82 

26 

28 

81 

30 

25 

84 

83 

80 

27 

30 

27 

84 

17 

19 

28 

21 

84 

22 

21 

84 

84 

81 

19 

18 

22 

29 

84 

30 

31 

30 

28 

27 

87 

87 

85 

84 

84 

86 

80 

85 

86 

21 

19 

38 

28 

85 

94 

16 

80 
10 
14 
14 

18 


85 
86 

81 

88 

25 


*  Obseryatlons  at  7  a.  m.  and  9  p.  m.  only,      tCan  not  b^  l)ad;  no  obseryations  at  8  p.  m. 
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Three  years  observations,  1878-1880.  It  should  be  understood  that 
the  values  given  do  not  express  the  true  daily  range,  but  simply  the 
closest  approximation  thereto  that  can  be  obtained  from  observa- 
tions at  the  hours  above  n^med.  Generally  the  7  a.  m.^  mean  has 
been  considered  as  the  maximum  and  the  2  p.  m.  mean  a^  the  mini- 
mum ;  in  the  summer,  however,  the  maximum  at  New  England  sta- 
tions occurs  at  9  p.  m. 

Table  IV. — Greatest  change  in  the  relative  humidity ^f  the  air  in  eight  conMcutive 

hours  during  the  years  1878,  1879,  and  1880. 


Stations. 


New  Bedford,  Mass. 
Woods  Hole,  Mass. . 

Newport,  R.  I 

New  London,  Conn 

Oswefco,  N.  Y 

Ut!ca,N.Y* 


Charlotte,  N.  C 68 

Wllmlngton,N.  C 

Atlanllk,  Ga 

Auipista,  Ga 


Mobile,  Ala i  60  I  63 


• 

a 

• 

1 

• 

• 

1 

i 

• 

S3 

* 
0 

1 

4> 

Xi 

o 

1 
1 

o 

i 

»^ 

Vti 

S 

< 

^ 

*^ 

"9 

< 

QQ 

o 

Jz; 

P 

66 

6ft 

68 

68 

48 

60 

48 

47 

40 

47 

60 

50 

60 

89 

44 

42 

47 

40 

86 

46 

84 

48 

41 

41 

66 

44 

48 

47 

46 

48 

47 

48 

40 

49 

48 

84 

46 

44 

48 

60 

61 

41 

40 

41 

87 

60 

42 

46 

86 

87 

89 

44 

47 

89 

80 

49 

48 

66 

35 

96 

68 

68 

64 

66 

68 

4» 

89 

89 

46 

62 

68 

62 

69 

68 

69 

61 

68 

54 

45 

40 

62 

60 

61 

68 

40 

64 

6S 

49 

42 

48 

88 

40 

45 

46 

47 

48 

67 

60 

66 

64 

62 

58 

60 

46 

68 

67 

62 

60 

60 

63 

68 

61 

49 

42 

48 

40 

49 

66 

61 

54 

g 

» 

►* 


62 
42 
46 
44 

42 


62 
56 

46 
66 

68 


*Can  not  be  obtained;  no  observation  at  2  p.  m. 

The  greatest  change,  whether  a  rise  or  fall  in  each  month  of  the 
period  named,  was  tabulated  and  the  average  change  for  the  entire 
period  was  then  obtained ;  thus,  at  Augusta,  the  greatest  change  in 
January  of  1878  was  52  per  cent;  1879,59  per  cent;  1880,  60  per 
cent;  the  average  change  for  the  month  being  57  per  cent. 

Tablb  V. — Ixnoest  relative  humidity  at  the  stations  named  during  the  years  1878, 1879, 

and  1880. 


stations. 


New  Bedford,  Mass. 
•Woods  Hole,  Mass  . . 

Newport,  R.  I 

New  London,  Conn  . 

Oswego,  N.  Y 

Utlca,  N.Y.* 


Charlotte,  N.  C... 
Wilmington,  N.  C 

Atlanta,  Ga 

August i,  Ga 

Mobile,  Ala 


q8 
O 


42 
86 
26 
86 

47 


26 
24 

27 
26 

24 


d 


Xi 


44 

40 
88 
81 

45 


21 
19 

22 
20 

28 


82 
84 
81 
24 

40 


12 
17 

17 
20 

16 


I 

< 


81 
87 
81 
26 

87 
54 

16 
17 

21 
17 

19 


89 
81 
28 
27 

80 
63 

22 
24 

26 
22 

28 


3 

Ha 

86 
89 
29 
84 

41 
68 

26 
81 

26 
28 

84 


• 

>* 

"d 

& 
•^ 

5 

45 
46 
83 
43 

46 
48 
44 
44 

8» 
67 

89 
68 

88 
87 

43 
48 

82 
26 

88 
86 

40 

45 

• 

o 

J3 

• 

g 

S 

S 

JO 

S 

2 

o 

w 

3i 

o 

49 

89 

48 

83 

40 

81 

88 

25 

48 

81 

76 

68 

28 

23 

86 

22 

88 

26 

38 

27 

86 

28 

u 

9 

Xi 

% 

§ 

> 

0 

■ 

O 

o 

« 

7\ 

» 

H 

86 

88 

40 

88 

46 

80 

34 

47 

84 

82 

40 

88 

46 

49 

40 

69t 

21 

27 

25 

24 

26 

27 

26 

26 

27 

80 

28 

26 

26 

28 

28 

*  Observations  at  7  a.  m.  and  9  p.  ni.  only.  t  For  ten  days. 

The  lowest  relative  humidity  during  each  month  of  the  period 
named  was  tabulated  and  the  average  of  each  month  was  then  cal- 
culated. The  figures,  therefore,  represent  the  average  of  the  lowest 
degree  of  humidity  each  month. 


22 


Table  VI. — Lowest  daily  mean  relatiDe  humidity  for  periods  of  twenty-four  and  forty- 
eight  eonsecutite  hours,  respectively,  during  ifU  three  years  1878-1880. 

MEANS  OP  TWBNTY-POUR  HOURS. 


Stations. 


New  Bedford,  Mass. 
Woods  Hole,  Mass.. 

Newport,  R.  I 

New  London,  Conn. 

Oswego,  N.  Y 

Utlca,N.  Y.» 

Charlotte  N.  C 

Wilmington,  N.  C. . . 

Atlanta,  6a 

Angnota,  Ga 

Mobile,  Ala 


■ 

• 

t 

^ 

_: 

rt 
a 

p 

u 

• 
w4 

§ 

% 

•^ 

(^ 

S 

-< 

66 

62 

54 

52 

96 

66 

51 

51 

47 

56 

50 

50 

49 

50 

44 

48 

50 

58 

57 

58 

00 

88 

42 

88 

88 

41 

80 

84 

86 

42 

84 

29 

82 

40 

41 

40 

88 

45 

48 

84 

1 

41 

I 


58  '  54 

50  I  52. 
44  I  49 
80     40 


46 
70 

87 
46 

80 
80 

50 


»^    < 

64  60 
60  I  68 
54  50 
56     62 


56  i  97     58 
68  <  66     75 

41  '  44  ;  55 
50     58  I  50 

88 
45  , 

58     61  I  60 


48  I  54 

•  46  I  57 


1'. 

• 

u 
o 

• 

% 

i 

i 

% 

GO  .  O 

55 

^ 

JN 

68 

58 

64 

66 

60 

54 

45 

50 

66 

54 

54  40 

51 

57 

52 

58 

48 

50 

54 

50 

56 

54 

58 

60 

56 

82 

68 

66 

45 

46 

40 

47 

42 

58 

44 

44 

44 

45 

51 

42 

80 

40 

40 

50 

46 

44 

60 

40 

50 

56 

58 

47 

61 

MEANS  OF  FORTY-EIGHT  HOURS. 


New  Bedford,  Mass. 
Woods  Hole,  Mass.. 

Newport,  R.I 

New  London,  Conn. 

Oswego.  N.  Y 

Utlca,N.Y 


Charlotte,  N.C.... 
Wilmington,  N.  C. 

Atlanta,  Ga 

Augusta,  Ga 

Mobile,  Ala 


74 
62 
55 
56 

68 


50 
40 

46 
58 

50 


67 
60 
60 
54 

62 


42 

46 

87 
46 

51 


68 

60 
51 
40 

50 


87 
45 

82 

43 

42 


55 
54 

58 
45 

56 

68 

86 
88 

84 
42 

48 


56 
58 
40 
47 

54 

56 

42 
50 

40 
46 

56 


50 
56 

50 
62 

50 
70 

42 
52 

41 
47 

54 


66 
65 
50 
62 

50 
74 

44 

60 

45 

46 

62 


1 

71 

70 

68 

67 

78 

66 

87 

56 

50 

58 

50 

56 

68 

58 

54 

58 

68 

56 

68 

62 

40 

54 

50 

54 

61 

58 

56 

57 

•8 

50 

76 

84 

60 

60 

»  •  ■  • 

56 

48 

50 

45 

40 

46 

68 

50 

40 

50 

47 

51 

56 

58 

44 

41 

46 

48 

50 

54 

50 

51 

58 

40 

70 

61 

56 

56 

58 

56 

*  Observations  at  7  a.  m.  and  0  p.  m.  only. 

Id  obtaining  the  figures  given  in  the  above  table  the  lowest  daily 
mean  relative  humidity  for  each  month  of  the  period  was  tabulated 
and  the  mean  of  the  three  years  calculated. 

Table  VII. — Monthly  mean  temperature  at  the  stations  named  {degrees  F.), 


Stations. 


New  Bedford,  Mass 
Woods  Hole,  Mass. . 

Newport,  R.I 

New  London,  Conn . 

Oswego.  N.  Y 

Utica,  N.  Y 


o 


28 
31 
80 
20 

24 

21 


Charlotte,  N.  C 42 

Wilmington,  N.  C 48 

Atlanta,  Ga 48 

Augusta,  Ga '48 

Mobile,  Ala !  51 

English  stations. 

Lancaster 

Blackpool 

Bolton 

Maccleflfleld 

Northwich 

Buxton,  Derbv 

Cheadle,  Stafford 

Indian  statiotm. 

Bombay 78 

Dacca 66 

Madras i  76 


86 
37 
85 
34 
86 
33 
34 


a 
< 


g 


20 
82 
82 
80 

25 

22  ,  29 

46  60 

61  j  .M  ,  61 

48  52  62 
52  66  (V4 

56  '  60  67 


jC 


85 
36 
36 
35 

30 


44 

44 
44 

46 

42 
43 

60 


55 
55 
54 
56 

54 
.56 

69 
70 

60 
72 

74 


39 

1 
■44  1 

40 

43' 

38 

40 

37 

.39 

.^ 

41 

36 

37 

36 

40 

75 

79 

70  7H 
81 


I  < 


50  .W 
48  52 
46  I  51 
46  '  .W 
48  I  54 

41  47 

42  48 

83  I  K> 
W)  .  87 


a 

0 


64 

63 
64 
65 

64 
65 

76 
77 


9 
•-9 


70 
68 
70 

71 

70 
60 

79 

80 


< 


68 

68 


u 
« 

B 


62 
68 


70  64 
69  '  64 


76  78 
79  '  82 


81 

57 
59 
57 
57 
61 
58 
54 


83 

60 

61 

59 

58 

62  I 

.56 

.57 


68 
67 

78 


62 
60 

71 


78  I  74 

76  ,  72 

80  '  75 

81  .  78 


.58 
60 
.W 
.57 
61 
56 
5' 


u 

u 

■ 

9 

.0 

4> 

B 

B 

s? 

§ 

y 

0 

0 

0 

J5 

P 

52 

42 

82 

53 

44 

86 

56 

42 

84 

.53 

43 

34 

50 

80 

20 

48 

85 

26 

61 

51 

44 

64 

55 

40 

62 

52 

45 

65 

K) 

49 

68 

W 

.53 

48 

44 

41 

49 

45 

40 

47 

42 

38 

45 

41 

.37 

48 

43 

39 

44 

40 

36 

'  I 


.52 
56 
64 
53 
fAS 
52 
53  ;  45  I  41  i  37 


83  81 

87  85 


80  I  80  I  81  I  79 

8!^  83  80  '  74 


76 


48 
50 
50 
50 

46 
46 

60 
63 

61 
65 

67 

48 
50 
47 
46 
49 
44 
45 

80 


o  . 

V 
jag 

•J 


78 
9 
8 

18 

10 
6 

13 

18 

18 
18 

18 

2 
3 
4 
4 
4 
6 
6 

44 


frf^  '  78  '  21-23 


84  ,  84  I  81   78  ,  76  '  82 


31 


23 


Table  Will.— Monthly  mean  precipitationj  in  inches  and  Jiundredths. 


stations. 


New  Bedford,Mas8 
Woods  Hole,  Mass 

Newport,  R.I 

NewLondon.Conn 

Oswego.  N.  Y 

rtica,  N.Y 

Charlotte,  N.C... 
Wllminffton,  N.C. 

Atlanta,  Oa 6.80 

Aagusta,  Qa 4.60 

Mobile,  Ala 5.00 

English  utafionf. 

Lancaster '2. 20 

Blackpool 2  IG 

Bolton 12.88 

Macclesfield 12. 79 

Northwich  2.06 

Buxton 8. 19 

Cheadie 2.22 

Indian  itations. 
Bombay 012 

Madras 0-92 


9 

a 


3.00 
8.70 
4.88 
4.88 

8.10 
8.84 

5.20 
8.90 


8. 82 
8.70 
4.58 
8.08 

2.60 
8.10 

4  60 
8.20 

5.80 
8.80 


Si 


4.17 
;4.90 
6.60 

J4.74 

,2.80 
18.07 

,5.20 
14.20 

6.60 
5.40 


'4.58 
2.^1 
Is.  44 
2.45 
,2.08 
6.10 
8.48 


2.2S 
1.31 
l.W 
1.71 
I.IH 
8.98 
2.88 


0.01  0.00 
0.99  2.65 
0.27  0.40 


& 
< 


3-96 
4.20 
4.81 
8.67 

2.10 
2.88 

8.70 
8.10 

8.70 
8.60 


4.70  7.40  6.00 


1  06 
l.l.'i 
11.72 
!l.87 
1.48 
2.60 
12.02 


8.95 
3.00 
3.75 
8.59 

2.50 
3.68 

4.70 
4.20 

8.80 
8.40 

4.50 

2.60 
2.80 
2.88 
3.38 
2.60 
3.42 
2.27 


0.04  0.58 
5.74  9.08 
6.04  12.16 


3.15 
2.70 
3.28 
8.16 

8.80 
4.28 

4.70 
5.90 

4.40 
4.20 

6.10 

2.47 
2.16 
2.84 
2.81 
3.05 
4.23 
8.21 

20  45 

13.29 

2. 11 


0 


8.86 
8.80 
8.67 
4.02 

8.40 
4.62 

5.90 
7.20 

4.70 
5.20 

6.50 

8.20 

2.85 

8.72 

!  8.31 

2.80 

'  5.32 

J  4.28 

I 

21.12 

13.07 

3.86 


< 


a 

CO 


4.28  8.48 
4.10  '8.40 
8.65  8.10 

4.70  8.85 

2.50  2.80 

3. 71  ,8.54 


5.50 
7.80 

4.40 
4^.80 

6.60 

4.58 
4.68 
5.40 
4.19 
8.88 
.V52 
4.48 

12.88 

12.85 

4.50 


8.20 
6.70 

4.20 
3.70 

5.10 

2.72 
3.40 
3.82 
2.27 
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Table  IX. — Monthly  mean  cloudiness  {scale  o/O-lO). 
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TJ.  S.  Department  of  Agriculture, 

Office  of  Chief  of  Weather  Bureau, 

Washington,  D.  C.  July  11,  1896. 

Sir  :  I  have  the  honor  to  submit  herewith  a  bulletin  by  Prof.  Frank 
H.  Bigelow,  of  the  Weather  Bureau^  entitled  Storms,  Storm  Tracks, 
and  Weather  Forecasting. 

Its  purpose  is  to  present  the  latest  phases  of  the  science  of  meteor- 
ology as  regards  practical  forecasting  of  weather  conditions.  It  is 
believed  that  the  bulletin  will  be  found  of  particular  value  t^  those 
engaged  in  teaching  meteorology,  and  also  to  students  of  the  subject. 
Furthermore,  it  is  intended  to  be  of  assistance  to  the  observers  and 
other  officials  of  the  Weather  Bureau,  and,  in  so  far  as  it  treats  of 
weather  forecasting  by  months  and  generalizations  on  the  same,  it  is 
recommended  for  their  careful  study,  as  the  most  lucid  exposition  so 
far  presented  for  their  information. 

In  order  to  foster  an  intelligent  interest  in  some  of  the  laws  probably 
influencing  the  weather  conditions,  Professor  Bigelow  has  added  a  brief 
tatement  of  the  relations  that  appear  to  exist  between  the  solar  mag- 
netic energy  and  the  pressures  and  temperatures  of  the  Northwest.  It 
is  not  intended  by  him  to  put  this  forth  as  a  finished  working  system 
for  forecasting,  but  only  as  an  illustration  of  the  knowledge  that  is  being 
developed  in  this  interesting  and  important  field  of  research. 

I  respectfully  recommend  that  it  be  published  as  a  buUetiu  of  the 
Weather  Bureau. 

Very  respectfully, 

Willis  L.  Moore, 

Chief  of  Bureau. 
Hon.  J.  STERLTNa  Morton, 

Secretary  of  Agriculture. 
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STORMS,  STORM  TRACKS,  AND  WEATHER 

FORECASTING. 


INTRODUCTION. 

COOPEBATION  OF  THE  PRESS  WITH  THE  WEATHER  BUREAU — HOW 

TO  CONSTRUCT  A  DAILY  WEATHER  MAP. 

The  policy  of  the  Department  of  Agriculture  is  to  place  before  the 
people  of  the  United  States  as  much  practical  scientific  information 
as  possible.  This  knowledge  really  belongs  to  the  people,  inasmuch  as 
they  sustain  the  necessary  expense  of  collecting  the  data  upon  which 
investigations  are  made.  When  valuable  results  are  acquired,  the  wide 
publication  of  the  same,  in  as  simple  language  as  is  consistent  with  the 
subject,  is  a  primary  duty. 

The  Assistant  Secretary  of  the  Department  of  Agriculture,  Dr. 
Charles  W.Dabney,  jr.,  is  especially  in  charge  of  this  popular  distribu- 
tion of  scientific  knowledge,  and  has  enjoined  upon  the  bureaus  and 
divisions  of  the  Department  the  duty  of  cooperating  in  this  direction. 

The  Weather  Bureau,  which  has  charge  of  the  collection  and 
dissemination  .of  all  proper  information  regarding  the  ever-changing 
weather  conditions,  so  directly  affecting  the  wealth  and  health  of  the 
people,  has,  in  accordance  with  the  policy  of  the  Department,  had  this 
bulletin  prepared,  which,  it  is  thought,  contains  valuable  information 
on  the  subject. 

The  very  inii)ortant  cooperation  that  the  press  is  giving  to  the  distri- 
bution of  weather  information  in  this  and  other  communities  is  most 
gratifying.  While  it  is  possible  for  the  Government  to  publish  a  com- 
[)aratively  small  number  of  the  daily  weather  maps  of  a  large  size,  and 
to  distribute  these  by  messenger  or  by  mail,  it  is  nevertheless  plain  that 
main  reliance  must  be  placed  upon  the  daily  press  for  this  purpose. 
iSince  a  practical  way  has  been  found  to  make  clear  small  reproductions 
of  the  large  map,  the  necessity  for  the  Government  map  is  somewhat 
modified,  because  the  general  points  of  the  current  weather  conditions 
are  displayed  sufficiently  well  for  all  common  purposes  on  the  reduced 
scale.  Moreover,  the  advantage  is  all  with  the  papers  in  reaching 
larger  numbers  of  people. 

Reports  are  being  constantly  received  of  an  increasing  interest  in 
the  daily  weather  map  on  the  part  of  many  persons  who  have  been 
attracted  by  the  press  reproductions,  and  very  often  these  are  accom- 
panied by  the  expression  of  the  wish  that  they  could  understand  the 

5 


meaning  of  the  lines  a  little  better.  The  proportion  of  readers  who 
perceive  the  significance  of  the  lines  showing  temperature  and  pres- 
sure of  the  air,  as  they  change  from  map  to  map  in  their  location,  is 
already  great,  and  it  is  thought  that  with  a  little  care  and  effort 
nearly  every  one  who  can  read  may  also  comprehend  the  daily  map,  at 
least  approximately. 

It  is  like  learning  a  new  language,  and  at  first  costs  some  labor,  but 
when  once  the  symbols  are  understood  there  is  a  pleasure  in  reading 
the  same  that  compensates  for  the  intellectual  work  expended.  <*  How 
to  construct  a  daily  weather  map"  is  therefore  addressed  to  those  who 
have  not  quite  mastered  the  symbols  and  the  lines  on  the  map,  and  to 
those  who  have  not  yet  attempted  to  look  into  it  at  all.  If  some  one  in 
each  family  will  take  the  trouble  to  follow  the  directions  that  are  given 
herewith,  it  will  not  be  long  before  every  member  can  take  an  interest 
in  this  branch  of  the  Government  service. 

It  is  well  known  that  the  forecasters  of  the  Weather  Bureau  often 
make  mistakes  in  their  efibrts  to  interpret  the  probable  changes  in  these 
lines  for  a  day  or  two  ahead,  and  that  in  consequence  they  are  subject 
to  criticism  by  the  public  for  their  failures.  On  comparing  these  criti- 
cisms from  different  jwrtions  of  the  country,  it  is  seen  that  the  people 
who  best  understand  the  difficulties  of  the  art  of  forecasting  are  most 
just  in  their  criticisms,  and  that  generally  the  press  has  been  fair  in  its 
statements.  This  is  no  doubt  in  a  measure  due  to  the  advantage  that 
the  reporters  of  the  press  have  Jn  their  frequent  visits  to  the  central 
and  local  offices  of  the  Weather  Bureau,  by  which  they  are  more  in 
touch  with  the  details  of  the  work  itself.  In  the  same^  way,  the  more 
familiar  the  people  of  any  locality  are  with  the  way  of  making  the  fore- 
casts, the  more  considerate  they  are  of  failures  to  reach  perfection.  It 
is  therefore  desired  that  every  one  should  know  as  much  as  possible  on 
this  subject,  to  the  end  that  criticisms  arising  from  impatience  and  par- 
tial knowledge  may  be  corrected.  Meteorology  as  a  science  is  in  some 
respects  still  in  its  elementary  stages  of  growth,  and  there  is  much  to 
be  discovered  about  the  laws  controlling  the  atmosphere.  The  wonder 
is  that  so  imperfect  a  science  can  have  already  contributed  so  much  to 
the  benefit  and  protection  of  the  people.  It  is  to  be  hoped  that  maps 
of  artistic  merit  may  become  regular  features  of  the  journalism  of  the 
large  cities  of  the  United  States. 

This  bulletin  gives  for  each  month  of  the-  year  the  meteorological 
normal  conditions  and  the  prevailing  features  of  the  storm  tracks 
characteristic  of  the  month,  with  such  remarks  as  will  direct  attention 
to  the  main  types  of  weather  to  be  expected  during  the  month;  also 
general  remarks  on  forecasting,  embracing  long-range  forecasting. 

The  first  thing  to  understand  is  how  to  draw  in  the  lines  that  appear 
on  the  map.  About  142  observations,  8  a.  m.  and  8  p.  m.  daily,  are 
received  from  different  points  of  the  country,  taken  all  at  the  same 
moment  of  time  for  a  given  map.    For  the  8  a.  m.  map  they  are  tele- 


graphed  in  and  received  at  Washington  between  8.30  and  9  o'clock. 
These  are  entered  on  charts,  the  forecaster  reads  the  meaning,  and  the 


Chart  i.<— Map  of  Thursday,  August  i,  1695,  8  a.  m. 


forecasts  are  ont  by  10  or  10.30  o'clock.    On  Chart  1  only  22  of  these 
places  are  laid  down,  so  as  to  avoid  crowding  on  the  reduced  scale. 
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For  illustrating  the  mode  of  drawing  the  lines  the  Washington  map 
of  Thursday,  August  1, 1895,  8  a.  m.,  is  selected.  Against  each  of  the 
22  cities  are  written  two  sets  of  figures,  the  upper  giving  the  tempera- 
ture and  the  lower  the  pressure  of  the  air  at  8  o'clock  in  the  morning  of 
August  1.  Thus  the  temperature  at  Boston  is  64P  and  the  pressure 
29.82  inches ;  at  New  York,  60^  and  29.90  inches.  Toward  the  west 
the  time  of  the  observation  is  earlier  in  the  morning ;  that  is,  in  the  Mis- 
sissippi Valley  the  observer  reads  his  instrument  at  7  o'clock,  local  time ; 
on  the  Bocky  Mountain  slope,  at  6  o'clock,  and  on  the  Pacific  Coast,  at 
5o'clock,so  that  all  the  observers  may  read  at  the  same  moment.  Cooper- 
ation is,  therefore,  the  peculiar  feature  of  the  operations  of  the  service. 
On  looking  over  the  map  the  simplest  question  to  ask  is.  Where  do  the 
same  temperatures  prevail,  and  where  are  the  pressures  just  alike  1  It  is 
evidently  helpful  to  the  eye  to  draw  a  line  through  the  places  where  the 
same  conditions  exist,  and  it  is  most  convenient  to  select  the  even  10<^ 
differences,  and  the  even  10-inch  differences  for  such  connecting  lines. 
That  is,  dotted  lines  are  drawn  through  all  places  having  the  tempera- 
tures 60°,  70O,  80°,  and  solid  lines  through  the  places  having  the  pres- 
sures 29.90  inches,  30  inches,  30.10  inches,  barometric  pressure.  Now, 
in  order  to  do  this  it  becomes  necessary  to  interpolate  the  spaces.  It 
is  seen  that  the  temperature  at  Galveston  and  New  Orleans  is  80^,  and 
a  line  can  be  drawn  through  these,  but  for  Jacksonville  the  temperature 
is  only  78°,  and  the  80^  line  must  run  a  little  south  of  it  to  allow  for  the 
drop  from  80^  to  78°  in  going  northward.  For  the  70°  line  the  process 
is  as  follows  :  At  £1  Paso  the  temperature  is  68^,  and  evidently  the  7(P 
line  must  lie  between  El  Paso  and  the  80^  line  at  intervals  of  2°  on  the 
El  Paso  side  and  10^  on  the  Galveston  side ;  near  Little  Eock,  4^  on 
one  side  and  10^  on  the  south  side ;  near  Lynchburg,  6^  on  the  north 
side  and  10^  on  the  south  side.  The  intervals  2  to  10,  4  to  10,  6  to  10 
are  the  interpolations  referred  to,  and  by  a  little  practice  can  be  very 
rapidly  performed.  In  the  case  of  the  60^  line  the  process  is  the  same, 
and  it  runs  through  Los  Angeles,  between  Portland  and  Helena,  8  to 
2'j  between  Bismarck  and  St.  Paul,  8  to  2;  between  St.  Paul  and 
Chicago,  2  to  6 ;  north  of  Washington,  through  New  York,  and  west  of 
Boston.    These  dotted  lines  of  equal  temperature  are  called  isotherms. 

In  a  similar  manner  interpolate  for  the  pressure  lines.  Thus  the 
30.10-inch  line  runs  between  El  Paso  and  Galveston,  8  to  6;  through 
Dodge  City,  west  of  Omaha,  between  Bismarck  and  St.  Paul,  18  to  6; 
returns  southward  between  Chicago  and  Washington,  4  to  8;  between 
St.  Louis  and  Lynchburg,  10  to  65  between  Little  Bock  and  Augusta,  2 
to  6,  and  between  New  Orleans  and  Jacksonville,  2  to  6,  The  30-inch 
line  starts  between  Los  Angeles  and  El  Paso,  4  to  2,  and  passes  between 
Salt  Lake  City  and  Denver,  4  to  6,  just  east  of  Bismarck ;  follows  the 
general  curve  of  the  30.10-inch  line  and  passes  between  Wq^shington 
and  New  York,  2  to  10.  Another  30-inch  line  passes  through  San  Fran- 
cisco, between  Helena  and  Bismarck,  4  to  8.  Another  30.10-inch  line 
passes  between  Portland  and  Uelena,  6  to  6.    A  29.90-inch  line  passes 


throagli  "Sew  York  City  and  a  29.80-iiich  line  just  north  of  Boston. 
These  lines  should  always  be  drawn  so  as  to  harmonize  with  each  other, 
making  a  system  of  corves  that  grade  into  each  other  by  easy  changes. 
Such  lines  of  equal  pressure  are  called  isobars. 

These  details  are  given  in  the  hope  that  readers  will  take  the  trouble 
to  construct,  from  the  map  given  for  the  purpose,  a  little  map  for  them- 
selves by  way  of  practice.  Take  some  semitransparent  paper  and  trace 
the  base  lines,  the  boundaries,  and  the  rivers,  and  locate  the  22  cities. 
Copy  against  each  city  the  figures  for  the  temperature  and  the  pressure, 
and  then  interpolate  the  dotted  lines  for  temperature  and  the  solid  lines 
for  pressure.  The  figures  in  Chart  1  are  taken  from  the  first  and  third 
columns  of  the  table  as  printed  on  the  right-hand  side  of  each  large 
weather  map  issued  by  the  Weather  Bureau.  If  anyone  will  copy  the 
base  map  and  these  figures  for  a  few  days  in  succession,  and  then  plat 
in  the  isotherms  and  the  isobars,  and  will  thus  watch  the  variable  posi- 
tions on  the  maps  from  day  to  day  of  the  lines  of  the  same  name,  a  clear 
idea  of  the  fundamental  features  of  the  weather  map  will  soon  be 
secured. 

In  addition  to  these  lines,  symbols  for  wind  and  weather  are  used : 
For  wind,  an  arrow  on  the  station  circle  pointing  the  way  the  wind 
blows,  and  for  weather — clear,  a  fine-line  circle;  cloudy,  a  full-shaded 
circle;  partly  cloudy,  a  half-shaded  circle;  raining,  the  letter  E,  and 
snowing,  the  letter  S,  at  the  station.  A  general  rain  area  is  shaded  on 
the  map. 

Near  the  center  of  an  area  of  high  pressure  above  30  inches  is  placed 
the  word  ^^high,"  and  near  the  center  of  a  region  of  pressure  less  than 
30  inches  is  placed  the  word  'Mow.''  A  low-pressure  system  is  called  a 
storm  or  a  cyclone,  and  the  winds  blow  around  the  center  in  the  oppo- 
site direction  to  the  hands  of  a  watch  as  one  looks  on  the  watch  lying 
upon  the  map  with  the  face  up.  The  high-pressure  system  is  called  an 
anticyclone,  and  the  winds  blow  around  its  center  in  the  general  direc- 
tion of  the  hands  of  a  watch,  though  in  a  less  distinct  manner  than  in 
the  cyclone.  The  winds  always  blow  down  the  gradient  from  the  high 
to  the  low,  from  the  anticyclone  to  the  cyclone. 

These  are  the  chief  features  on  any  weather  map,  so  far  as  its  con- 
struction goes.  Those  who  wish  to  learn  to  understand  the  meaning 
of  the  same  in  regard  to  the  resulting  weatlier  conditions  should  con- 
struct them  for  themselves,  until  familiar  with  the  details.  Then  they 
should  carefully  compare  the  maps  from  day  to  day  and  observe  the 
differences  that  have  taken  place  in  twenty-four  hours,  in  forty-eight 
hours,  and  in  seventy-two  hours.  The  easiest  way  to  do  this  is  to  cut 
out  the  press  map  every  day  and  lay  the  successive  maps  in  a  column, 
above  one  another,  so  that  the  eye  may  take  in  at  a  glance  the  changes 
that  have  been  going  on.  A  short  practice  in  this  manner  will  enable 
one  to  follow  the  storms  as  they  pass  from  west  to  east,  and  will  also 
soon  give  the  ability  to  judge  from  the  maps  what  the  weather  condi- 
tions are  likely  to  be  during  the  following  twenty -four  hours. 
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WEATHBR  FORECASTINa,  BY  MONTHS. 

AUGUST. 
MEAN  STORM    TRACKS— DISTRICTS  OF  LOCAL  ORIGIN — AUGUST  STORMS  AND  TRACKS. 

The  first  impression  of  any  student  on  approaching  the  practical  use 
of  the  weather  maps,  as  they  present  their  seemingly  endless  forms  and 
combinations  of  the  temperature  and  pressure  lines,  is  one  of  confusion. 
This  feeling  is  also  sure  to  be  attended  by  one  of  discouragement,  and 
probably  the  impluse  to  abandon  the  task  of  seeking  an  underlying 
plan  is  more  powerful  to  many  persons  than  the  incentive,  which 
depends  upon  curiosity,  to  know  what  it  all  really  means. 

The  storms  of  the  United  States  follow,  however,  year  after  year  a 
series  of  tracks,  not  capricious,  but  related  to  each  other  by  very  well- 
defined  laws. 

The  positions  of  these  tracks  have  been  determined  carefully  for  the 
United  States  by  studies  made  in  the  forecast  division  of  the  Bureau, 
on  the  long  series  of  maps  that  have  been  made  during  the  past  twenty 
years.  The  liue  that  the  central  point  of  a  high  area  or  that  the 
center  of  a  storm  makes  in  passing  over  the  country  from  west  to 
east  is  laid  down  on  individual  charts,  these  are  collected  on  a  group 
chart,  and  from  this  the  average  line  pursued  can  be  readily  described. 
Chart  2  shows  the  general  result  of  a  study  of  tracks  of  storms  in  the 
United  States.  It  indicates  that,  in  general,  there  are  two  sets  of  lines 
running  west  aud  east,  one  set  over  the  northwestern  boundary,  the 
Lake  region,  and  the  St.  Lawrence  Valley;  the  other  set  over  the  middle 
Bocky  Mountain  districts  and  the  Gulf  States.  Each  of  these  is  double, 
with  one  for  the  highs  and  one  for  the  lows.  Furthermore,  there  are 
lines  crossing  from  the  main  tracks  to  join  them  together,  showing  how 
storms  pass  from  one  to  the  other.  On  the  chart  the  heavy  lines  all 
belong  to  the  tracks  of  the  highs  and  the  lighter  lines  to  the  lows. 
Let  us  trace  them  somewhat  in  detail.  A  high  reaching  the  California 
coast  may  cross  the  mountains  near  Salt  Lake  and  then  pass  directly 
over  the  belt  of  the  Gulf  States  to  the  Florida  coast;  or  it  may  move 
farther  northward,  cross  the  Rocky  Mountains  in  the  State  of  Wash- 
ington, up  the  Columbia  River  Valley,  then  turn  east,  and  finally  reach 
the  Gulf  of  St.  Lawrence.  We  may  speak  of  the  lower  track  as  the 
southern  circuit  and  the  upx)er  as  the  northern  circuit.  These  are 
located  where  they  are  by  the  laws  of  general  circulation  of  the  atmos- 
phere and  configuration  of  the  North  American  continent.  -This  move- 
ment of  the  highs  from  the  middle  Pacific  coast  to  Florida  or  to  the 
Gulf  of  St.  Lawrence  is  confined  to  the  summer  half  of  the  year — April 
to  September,  inclusive. 

In  the  winter  months,  on  the  other  hand,  the  source  of  the  highs  is 
different,  though  they  reach  the  same  terminals.  In  the  months  Octo- 
ber to  March,  inclusive,  many  highs  enter  the  United  States  near  the 
one  hundred  and  fifteenth  meridian  aud  flow  south  along  the  Rocky 
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Chart  2.— Mean  tracks  of  storms  inth«  Ur^ited  States. 
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Mountain  slope  into  the  southern  circuit,  and  thus  reach  the  South 
Carolina  coast;  or  else  they  turn  more  abruptly  eastward  and  move  ia 
the  northern  circuit  over  the  Lakes  to  Newfoundland.  The  chief  diffi- 
culty in  the  art  of  forecasting  is  to  decide  from  the  current  lines  on  a 
map  which  of  these  paths  will  be  pursued,  and  then  the  probable  rate 
at  which  the  movement  will  take  place. 

Chart  3  shows  the  nine  districts  that  have  been  adopted  in  the  study 
of  the  local  origin  of  storms,  the  total  number  of  storms  that  formed  in 
each  district  for  the  ten  years  1884^1893,  and  the  average  track  that 
the  storms  passed  over  in  moving  from  their  place  of  origin  to  the  Gulf 
of  St.  Lawrence. 

The  storms  or  centers  of  low  pressure  are  strictly  dependent  for  their 
life  upon  the  highs,  being,  in  a  word,  only  the  natural  mode  of  the 
disintegration  of  the  highs,  and  the  raising  of  the  air  by  force  against 
gravitation,  from  lower  to  higher  levels  in  the  atmosphere.  The  highs 
have  two  main  places  of  entry  into  the  United  States,  but  the  lows 
have  at  least  nine  places  of  generation,  or  entrance  upon  our  territory. 
First,  a  majority  of  our  storms  originate  in  the  region  north  of  Mon- 
tana, in  Alberta,  and  move  eastward,  while  some  make  a  loop  south- 
ward over  the  mountain  slope  before  regaining  the  northern  circuit; 
second,  a  number  appear  on  the  North  Pacific  coast  and  eventually 
disappear  over  the  Gulf  of  St.  Lawrence,  if  they  live  so  long;  third, 
others  form  on  the  northern  Eocky  Mountain  plateau  and  follow  the 
same  track  as  the  North  Pacific  coast  storms;  fourth,  a  large  number 
from  near  Colorado  are  apparently  produced  by  the  very  high  moun- 
tainous elevations  of  that  district,  and  usually  join  the  northern  circuit 
near  the  Great  Lakes;  fifth,  the  lower  lands  of  Texas,  catching  the 
Gulf  winds  and  moisture,  generate  a  few  storms  each  year,  and  these 
move  northeastward  over  the  central  valleys  to  the  lower  lake  region, 
whence  thiey  proceed  down  the  St.  Lawrence  Valley,  but  a  few  storms 
come  in  from  the  extreme  west  of  the  Gulf  of  Mexico,  enter  the  southern 
circuit  near  the  mouth  of  the  Mississippi  River,  whence  they  usually 
advance  along  the  Gulf  Coast  and  then  near  the  Atlantic  Coast  to  join 
the  great  track  to  the  north  and  east  of  New  England ;  sixth,  the  West 
Indian  storms,  or  hurricanes,  come  in  from  the  southeast  near  the  twenty- 
fifth  parallel,  recurve  northward  and  hug  the  Atlantic  coast  line  to  Nova 
Scotia,  some  other  storms,  however,  appear  in  the  east  Gulf  States; 
seventh,  a  few  are  first  seen  on  the  South  Pacific  coast;  eighth,  others 
begin  on  the  South  Atlantic  coast  and  are  strictly  coast  storms;  ninth, 
some  storm  formations  occur  in  the  central  valleys.  These  are  the  main 
tracks,  though,  of  course,  many  instances  occur  in  which  it  is  hard  to  sat- 
isfactorily classify  them.  It  is  seen  that  wherever  the  storms  may  arise, 
whether  in  Alberta,  on  the  Pacific  Coast,  in  Colorado,  Texas,  Mexico,  or 
in  the  West  Indian  region,  they  all  try,  sooner  or  later,  to  leave  the 
United  States  in  the  neighborhood  of  New  England.  This  is  evidently 
a  sufficient  explanation  of  the  very  variable  and  the  extremely  harsh 
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Chart  3— Districts  adopted  for  the  study  of  the  origin  of  storrr^s. 
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weather  that  is  so  peculiarly  the  lot  of  that  region.  If  all  roads  lead 
to  Eome,  all  storms  and  weather  tracks  lead  to  New  England. 

There  are  seen  on  Chart  2  two  other  systems  of  lines,  (1)  those  marked 
one  day,  two  days,  three  days,  four  days,  and  (2)  that  marked  wave  axis. 
The  former  shows  the  average  position  of  the  storms  that  come  in  from 
the  northwest  on  successive  days,  that  is,  after  one  day  it  will  be  found 
on  the  Rocky  Mountain  slope,  in  two  days  near  the  lower  Missouri  and 
Mississippi  valleys,  in  three  days  near  the  Appalachians,  in  four  days 
decidedly  over  the  ocean.  The  latter  shows  the  middle  frontage  of  the 
cold  waves  as  they  come  down  from  the  northwest  in  the  winter  season. 

The  storms  of  August  belong  almost  entirely  to  the  Alberta,  the 
Colorado,  and  the  West  Indian  types.  In  ten  years  it  was  noted  that 
83  storms  came  into  the  field  of  the  weather  map  in  the  month  of 
August.  Of  these,  45  originated  to  the  northward  of  Montana,  or  in 
the  northwestern  districts,  and  all  of  them  moved  eastward  over 
the  Lakes  and  the  valley  of  the  St.  Lawrence  to  the  ocean,  a  few  of 
them  dissipating  on  the  way.  More  than  half  of  the  August  storms 
begin  and  move  along  the  northern  circuit,  like  beads  on  a  string,  with 
great  regularity.  The  breadth  of  the  track  covered  by  them  is  about 
400  miles.  This  accounts  for  the  fact  that  in  the  Northern  States  the 
alternation  of  warm  and  cool  days  takes  place  with  wave-like  regular- 
ity, while  in  the  Southern  States  the  temperature  is  almost  uniform, 
though  warm,  week  after  week. 

The  next  important  place  for  August  storms  to  come  from  is  the 
State  of  Colorado,  and  it  is  found  that  in  the  same  ten  years  12  storms 
originated  near  there,  moved  northeast  Over  the  Lakes,  joined  the  main 
branch  in  that  district,  and  pursued  their  course  eastward  .to  the  ocean. 
These  Colorado  storms  in  summer  are  apt  to  be  accompanied  by  the 
warm  wave  that  seems  to  set  in  at  the  eastern  base  of  the  Rocky 
Mountains  and  to  gradually  spread  over  the  entire  country  to  the 

Atlantic. 

The  third  important  system  of  storms  are  the  hurricanes  that  arise 
in  the  trades  of  the  Tropics,  move  westward  to  the  Oulf  of  Mexico, 
curve  up  northward  and  enter  the  United  States  in  the  Lower  Missis- 
sippi Valley,  or  skirt  the  coast  districts,  or  else  keep  off"  the  shore  in  the 
neighborhood  of  the  Gulf  Stream.  These  storms  move  in  parabolic- 
shaped  tracks,  and  spread  over  a  very  wide  belt  in  the  latitude  of  the 
Gulf  States,  east  and  west,  whence  comes  the  chief  uncertainty  in  fore- 
casting their  approach  to  the  coast  of  the  United  States.  Eventually 
they  advance  to  the  same  point  of  departure,  the  Gulf  of  St.  Lawrence 
and  Newfoundland. 

Only  14  other  storms  were  observed  in  the  ten  years  1884  to  1893, 
inclusive,  scattered  over  the  country  in  a  very  desultory  way.  August 
storms  travel  at  the  rate  of  16  to  26  miles  per  hour,  or  about  500  miles 
a  day.  The  question  of  the  rainfall  attending  these  storms  is  too  large 
to  consider,  but  it  can  be  broadly  stated  that  precipitation  takes 
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Chart  4-— Storm  tracks  for  August 
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place  to  the  east  and  sonth  of  the  storm  center.  Much  of  the  rain  in 
August  is  sporadic,  in  the  form  of  thunderstorms,  and  these  seem  quite 
as  ready  to  occur  in  connection  with  the  high  areas  as  in  the  low.  This 
makes  it  much  more  difficult  to  satisfactorily  forecast  the  time  and  place 
of  these  small  local  storms. 

The  months  of  August,  September,  and  October  make  up  the  hurri- 
cane season,  because  tropfcal  storms  are  most  frequent  during  these 
months.  Of  the  12  hurricanes  referred  to,  5  first  appeared  near  the 
Windward  Islands.  Two  of  these  recurved  east  of  the  Florida  penin- 
sula, 2  disappeared  over  the  Gulf  of  Mexico;  1  crossed  Cuba  and  the 
Gulf  of  Mexico  in  1886,  and  upon  reaching  the  Texas  coast,  on  the  20th, 
destroyed  Indianola;  passing  thence  northwest  this  storm  dissipated 
over  the  southern  Bocky  Mountain  region  daring  the  21st  and  23d. 
Two  cyclones  apparently  originated  near  the  Bahamas,  one  of  which 
recurved  northeastward  off  the  North  Carolina  coast,  and  the  other 
reaehed  the  Louisiana  coast  and  moved  thence  northeastward  over  the 
lower  Mississi^i  and  Ohio  valleys,  Few  England,  and  Nova  Scotia. 
The  remaining  5  cyclones  appeared  north  of  the  West  Indies  and  east 
of  the  seventieth  meridian.  One  of  these  reached  the  North  Carolina 
coast  August  23, 1893,  skirted  the  middle  Atlantic  coast,  and  crossed 
New  England.  Another  was  the  destructive  storm  which  devastated 
the  south  Atlantic  coast  on  the  27th  and  28th  of  August,  1893.  The 
mechanism  of  these  destructive  storms,  which  is  very  interesting,  is 
given  under  September. 

The  hot  waves  of  August  come  from  two  sources,  ^hey  originate  in 
a  mass  of  heated  air  on  the  Eocky  Mountain  x)lains  and  gradually  move 
eastward  from  thence.  On  the  other  hand,  a  high  area  settling  over 
the  south  Atlantic  and  Gulf  States  has  the  effect  of  charging  the  stag- 
nant air  with  heat,  as  if  the  eastward  circulation  in  the  upper  itir  was 
suspended  for  quite  long  intervals  of  time. 

SEPTEMBER. 
SEPTEMBER  STORMS — MECHANISM  OF  A  HURRICANE. 

One  of  the  chief  interests,  aside  from  the  value  they  have  in  respect 
to  forecasting,  in  the  study  of  charts  of  storm  tracks  consists  in  com- 
paring them  month  with  month,  in  order  to  observe  the  changes  that 
take  place  with  the  progress  of  the  seasons.  It  is  shown  on  Chart  4 
under  August  that  the  summer  storms,  in  the  majority  of  cases,  origi- 
nate in  three  places,  in  Alberta,  Colorado,  and  the  West  Indies.  On 
the  other  hand,  in  September  Chart  5  indicates  that  they  arise  in  at 
least  six  places.  We  have  one  set  of  storms  generating  in  Alberta,  of 
which  39  were  observed  in  ten  years;  there  were  13  noted  that  entered 
the  North  Pacific  coast  of  the  United  States;  next,  5  were  observed  to 
commence  their  activity  on  the  northern  plateau  of  the  Kocky  Moun- 
tains; also,  7  developed  over  the  isolated  plateau  of  Colorado;  8  appeared 
on  the  west  coast  of  the  Gulf  of  Mexico  or  in  Texas;  finally,  7  tropical 
hurricanes  came  in  from  the  West  Indies. 
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Chart  5. — Storm  tracks  for  S«ptembor. 
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These  all  pursued  their  paths  to  the  Gulf  of  St.  Lawrence,  in  the 
neighborhood  of  which  they  left  the  field  of  observation.  The  Alberta 
storms  run  along  the  northern  boundary  of  the  United  States  in  the 
northwest,  cross  the  Lake  region,  and  advance  down  the  St.  Lawrence 
Valley,  reaching  the  Gulf  of  St.  Lawrence  in  about  three  days.  It  will 
be  observed  that  these  tracks  have  a  strong  tendency  to  loop  down 
near  the  beginning  of  their  paths  over  the  Bocky  Mountain  slope  into 
I^orth  Dakota  and  South  Dakota,  whence  they  recover  the  main  track 
in  the  neighborhood  of  Lake  Superior.  The  North  Pacific  storms,  those 
from  Wyoming  and  Idaho,  as  well  as  the  Colorado  storms,  in  twenty- 
four  hours  find  themselves  on  the  main  track  in  the  Lake  region,  whence 
they  go  to  the  Gulf  of  St.  Lawrence.  These  four  groups  belong  very 
clearly  to  one  family,  and  have  their  rise  on  the  northward  side  of  the 
great  high-pressure  belt  that  extends  around  the  globe  in  about  lati- 
tude 30O  to  350,  except  where  it  is  deflected  by  the  continents.  In  the 
United  States  this  belt  leaves  the  Atlantic  coast  near  South  Carolina, 
but  it  enters  this  country  in  northern  California  or  Oregon  nearly  10° 
farther  north.  The  deflection  thus  observed  is  no  doubt  largely  due  to 
the  elevations  of  the  Bocky  Mountain  districts. 

On  the  southern  side  of  the  high  belt  another  system  of  storms  gen- 
erates, because  the  air  of  this  belt  must  flow  off  on  both  sides,  south 
as  well  as  north,  though  the  quantity  returned  to  the  southward  is 
less  than  that  to  the  northward.  Thus,  we  find  here  eight  west  Gulf 
of  Mexico  and  Texas  storms,  which  usually  advance  to  the  Gulf  of 
St.  Lawrence  over  the  Atlantic  States;  also  we  have  the  West  Indian 
storms,  which  are  developed  farther  east,  in  the  calm  zone  of  the  dol- 
drums, move  westward  awhile  in  the  westerly  tropical  current,  recurve 
on  the  western  edge  of  the  great  Atlantic  anticyclone,  hugging  the 
periphery  of  the  same,  and  also  skirt  the  Atlantic  coast,  unless  by  the 
obstruction  of  a  high  they  enter  the  Gulf  States  before  they  recurve. 
The  erratic  movements  of  the  west  Gulf  and  the  east  Gulf  storms  con- 
sist in  their  effort  to  break  through  the  high-pressure  belt.  It  is  dur- 
ing this  passage,  when  they  are  most  vigorously  fed,  that  they  attain 
the  destructive  violence  so  often  noted  in  the  Southern  States. 

September  is  the  middle  of  the  hurricane  season  for  the  West  Indies. 
In  the  China  seas  the  season  covers  the  same  months — August,  Sep- 
tember, and  October;  in  the  Bay  of  Bengal  there  are,  however,  two 
seasons — April  to  June  and  October  to  November;  in  the  Arabian  Sea 
there  are  the  same  two  seasons  as  in  the  Bay  of  Bengal;  in  the  South 
Indian  Ocean  the  height  of  the  season  is  in  January,  February,  and 
March.  These  differences  depend  upon  the  relations  of  the  land  and 
water  in  the  Tropics,  where  such  storms  begin. 

In  the  ten  years  examined  the  seven  West  Indian  hurricanes  recurved 
on  the  average  in  the  longitude  of  the  Florida  peninsula.  The 
destructive  storm  of  September  1-7, 1888,  did  not  recurve,  but  passed 
over  Cuba  westward  to  the  Mexican  coast.    In  1894,  September  21-30, 
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the  storm  recurved,  causing  serious  devastation  along  the  Atlantic 
coast.  The  primary  cause  for  recurving  or  not  is  in  the  existence  or 
nonexistence  of  a  high  area  over  the  eastern  Atlantic  States.  The 
cyclone  follows  in  behind  the  high,  and  if  this  moves  off  to  sea,  open- 
ing a  trough  after  it,  the  hurricane  moves  northward  in  the  ordinary 
track.  If  the  high  hangs  persistently  on  the  coast,  the  cyclone  is 
deflected  far  to  the  west  before  it  can  recurve,  in  which  case  it  is 
likely  to  show  very  destructive  qualities  on  the  west  side  of  the  Gulf 
of  Mexico.  If  rain  falls  freely  before  the  hurricane  comes  to  land,  it  is 
likely  to  die  oat;  if  the  downpour  begins  after  reaching  land,  it  is  prob- 
able that  a  long,  vigorous  march  is  yet  before  it. 

There  is  much  discussion  in  meteorological  circles  about  the  exact 
cause  of  the  production  of  hurricanes  in  certain  months  only,  and  also 
regarding  the  mechanism  of  the  whirling  monsters,  opinion  not  yet 
having  settled  upon  any  complete  theory  regarding  these  points. 
Some  of  the  facts  may,  however,  be  reviewed,  and  the  most  probable 
form  of  the  movement  of  the  winds  deduced  from  them.  At  the  time 
of  the  hurricane  season,  August  to  October,  the  large  areas  of  calm, 
sultry,  and  rainy  atmosphere,  called  the  doldrums,  stretch  from  the 
west  coast  of  Africa,  near  Senegambia,  to  the  north  coast  of  South 
America,  near  Guiana,  in  their  northernmost  latitudes.  At  the  same 
season  of  the  year  the  great  Atlantic  high  area,  on  account  of  the 
heating  of  the  continents,  seems  to  have  contracted  its  boundaries, 
and  to  be  confined  to  the  ocean,  leaving,  as  it  were,  channels  near  the 
land,  and  especially  on  the  American  side.  After  having  once  started, 
these  hurricanes  hang  along  the  border  of  the  great  ocean  high, 
skirt  its  southern  edge,  gradually  turn  north  on  the  western  side,  or 
recurve,  and  still  following  the  outline  of  this  high  proceed  off  to  the 
northeast,  and  enter  the  regular  mid-latitude  storm  track.  Now, 
the  significance  of  the  calm  belt  of  the  doldrums  and  the  adjacent 
high  is  that  the  air  building  up  in  the  high  as  it  runs  down  feeds  any 
vortex  or  whirl  that  may  have  been  started  along  its  edge,  and  thus 
continues  to  supply  it  for  the  many  days  that  these  violent  storms 
are  observed  to  last. 

Some  students  have  claimed  that  the  tendency  of  the  warm,  moist 
doldrum  air  to  rise  up  is  the  first  cause  of  producing  these  cyclones. 
But  there  is  one  very  difficult  objection  to  overcome  before  this  view 
can  be  established.  Air  will  rise  by  convection  only  when  the  differ- 
ence of  temperature  is  considerable  between  the  rising  column  of  air 
and  the  adjacent  regions;  yet  in  hurricanes  this  difference  of  temper- 
ature is  not  observed. 

Fow,  on  examining  the  maps  for  the  isobars,  it  is  almost  always  seen 
that  the  lower  isobar,  marking  out  the  edge  of  the  great  ocean  high, 
has  a  loop  or  sort  of  pocket,  by  the  bending  down  of  the  line,  and  in 
this  the  whirl  begins.  In  the  autumn,  as  the  sun  is  moving  southward, 
the  impulse  of  the  air  is  to  follow  it,  and  it  may  well  be  that  the  smooth 
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isobar  lines  stretch  ont  fingers  toward  the  eqnator,  into  the  doldrnm 
calm,  making  a  pocket  of  lower  pressure,  and  that  herein  the  whirling 
vortex  begins  its  coarse.  Its  future,  dependent,  as  has  been  said,  upon 
the  performance  of  the  high  area  in  opening  up  a  passage  near  the 
American  coast,  is  merely  the  sucking  in  of  the  air  from  the  high  area, 
practically  regardless  of  temperature,  the  rain  also  being  a  secondary 
phenomenon. 

As  to  the  hurricane  itself  when  once  set  in  motion,  we  have  more 
definite  information.  The  approach  of  a  hurricane  is  usually  indicated 
by  a  long  swell  on  the  ocean,  propagated  to  great  distances  and  forewarn- 
ing the  observer  by  two  or  three  days.  A  faint  rise  in  the  barometer 
is  indicated  before  the  gradual  fall  that  may  become  very  pronounced 
at  the  center;  fine  wisps  of  cirrus  clouds  are  first  seen  which  surround 
the  center  to  the  distance  of  200  miles,  the  air  is  calm  and  sultry,  but 
this  is  gradually  supplanted  by  a  gentle  breeze,  and  later  the  wind 
increases  to  a  gale,  the  clouds  become  matted,  the  sea  rough,  rain  falls, 
and  the  winds  are  gusty  and  dangerous  as  the  vortex  core  comes  on. 
Here  is  the  indescribable  tempest,  dealing  destruction,  impressing  the 
imagination  with  its  wild  exhibition  of  the  forces  of  nature,  the  flashes 
of  lightning,  the  torrents  of  rain,  the  cooler  air,  all  the  elements  in  an 
uproar,  which  indicate  the  close  approach  of  the  center.  In  the  midst 
of  this  turmoil  there  is  a  sudden  pause,  the  winds  almost  cease,  the  sky 
clears,  the  air  is  cool,  the  waves,  however,  rage  in  great  turbulence. 
This  is  the  eye  of  the  storm,  the  core  of  the  vortex,  and  is,  perhaps,  20 
miles  in  diameter,  one-thirtieth  of  the  whole  cyclone.  The  respite  is 
brief  and  is  soon  followed  by  the  abrupt  renewal  of  the  violent  wind 
and  rain,  but  now  coming  from  the  opposite  direction,  and  the  storm 
passes  off  with  the  several  features  following  each  other  in  the  reverse 
order. 

By  the  laws  of  vortex  motion  the  winds  approach  the  center  in 
spirals,  the  circular  and  the  centrifugal  movements  increasing  every 
moment.  At  the  core,  in  the  walls  of  the  columnar  vortex,  the  air 
circles  about  the  calm  central  part,  gradually  rising  upward  to  the 
cloud  stratum,  just  above  the  inflowing  disk.  Here  the  air  flows  out 
suddenly  on  all  sides,  the  circular  motion  decreasing,  cooling  by  expan- 
sion, causing  a  great  thin  sheet  of  rain  200  or  300  miles  from  the  center. 
At  this  distance  the  vortex  sheet  turns  up  suddenly,  not  down  as  usually 
stated,  and  discharges  the  expended  vortex  matter  into  the  high  upper 
currents  of  the  atmosphere.  If  one  holds  a  saucer  of  ordinary  shape 
up  and  looks  at  it  from  the  under  side,  it  will  not  give  a  very  incorrect 
idea  of  the  general  shape  of  this  thin  vortex  sheet  as  it  turns  up  and 
discharges  at  the  edges.  Over  the  whole  underside  of  it  is  the  rain 
cloud,  in  the  center  the  ring  corei  and  the  calm  part. 

The  feeding  wind  lines  are  more  nearly  parallel  to  the  ground  than 
the  upper  discharge  lines,  but  they  all  form  a  simple  columnar  vortex 
of  unusual  configuration.    The  clear  sky  at  the  center  is  as  if  a  hole 
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were  pierced  in  the  sancer,  through  which  the  undistarbed  air  above 
alone  was  visible.  There  is  probably  no  feature  of  nature  more  inter- 
esting to  study  than  a  hurricane,  however  the  feelings  of  the  observer 
may  be  affected  by  the  experience  of  one  at  hand. 

OOTOBBB. 

TUK  THREE  PRIMART  DIVISIONS  OF  THE  METEOROLOGICAL  TEAR — STORM  TRACKS  AND 
WEATHER  CONDITIONS  FOR  OCTOBER — ^FROST  FORMATION  IN  THE  AUTUMN. 

The  calendar  year  is  capable  of  division  into  three  parts  as  regards 
its  meteorplogical  conditions,  and  to  a  very  considerable  extent  storms 
and  other  features  of  the  weather  have  characteristics  that  closely 
resemble  each  other  within  these  periods  of  time.  They  refer  to  the 
months  (1)  December,  January,  February,  and  March;  (2)  April,  May, 
October,  and  November;  (3)  June,  July,  August,  and  September.  The 
first  group  comprises  the  conditions  that  are  dominated  by  low  tem- 
peratures, the  third  those  that  are  ruled  by  high  temperatures,  and  the 
second  the  transition  in  October  and  November  from  hot  to  cold  and 
April  and  May  from  cold  to  hot  weather.  The  winter  months  are  sig- 
nalized by  very  turbuleot  circulation  of  the  atmosphere;  the  rate  of 
eastward  motion  is  at  a  maximum;  the  storm  tracks  are  spread  all  over 
the  United  States,  so  far  disregarding  their  primary  paths  that  these 
are  nearly  unavailable  for  classification,  great  alternations  of  tempera- 
ture and  pressure,  cold  waves,  high  winds,  and  violent  precipitation 
being  the  regular  features.  On  the  other  hand,  in  the  summer  months 
the  circulation  of  the  air  is  very  feeble;  the  eastward  drift  is  slow  and 
illy  defined;  the  tracks  are  for  the  most  part  confined  to  the  northern 
border,  except  in  the  case  of  hurricanes  and  coast  storms;  the  tempera- 
ture is  generally  high,  with  small  fluctuations  in  it,  and  the  pressure  for 
wind  circulation  small;  instead  of  gales,  only  violent  local  storms  and 
thunderstorms  are  observed. 

The  two  pairs  of  transition  months  differ  from  e&ch  other  in  a  marked 
degree.  Thus,  in  the  autumn,  with  the  advance  of  the  colder  season, 
a  sort  of  crispness  is  discovered  in  the  air,  the  succession  of  highs  and 
lows  across  the  country  is  so  well  defined  as  to  approach  most  closely 
to  the  typical  or  ideal  circulation,  the  aiTangement  of  all  the  surface 
winds  and  the  precipitation  is  very  simple,  and  forecasting  is  compara- 
tively easy.  This  condition  lasts  until  it  is  gradually  merged  into  the 
violent  outbursts  of  the  winter,  by  which  the  chain  of  waves  is  dis- 
torted from  a  simple  succession.  In  the  spring  the  transition  from  cold 
to  warm  weather  is  one  of  relaxation,  and  an  increasing  feebleness  or 
uncertainty  of  action  takes  place;  many  storm  conditions  fail  to  fully 
develop;  the  eastward  drift  ceases  at  times;  stagnant  movements  of 
storm  areas  often  prevail;  the  unlooked-for  happens  in  consequence  of 
a  sudden  intrusion  of  a  winter  storm  from  the  north,  as  if  the  supply 
of  cold  had  not  yet  been  exhausted,  and  forecasting  is  in  its  most  per- 
plexing and  tantalizing  state. 
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October,  then,  is  the  first  of  the  months  to  feel  the  approach  of  colder 
atmospheric  conditions  in  the  northern  hemisphere,  and  if  the  charts 
are  examined  for  their  mean  annnal  conditions  it  will  be  seen  that  the 
first  symptoms  of  continental  action  in  North  America  are  present,  by 
means  of  which  the  large  permanent  low  pressnre  that  covers  the  Arctic 
regioDS  in  summer  is  broken  up  into  two  permanent  lows  in  winter, 
one  central  in  the  extreme  north  of  the  Atlantic  Ocean,  near  Iceland,  and 
the  other  in  the  north  of  the  Pacific  Ocean,  near  the  Aleutian  Islands. 
This  is  done  by  the  building  of  a  belt  of  high  pressure  over  the  British 
Possessions  in  the  neighborhood  of  the  Mackenzie  Biver,  which  finally 
spreads  so  as  to  join  an  advancing  high  pressure  belt  from  Siberia. 
Hence,  in  the  United  States,  the  high  belt  crosses  the  Gulf  States  to  the 
northern  Eocky  Mountain  slope,  near  Wyoming,  whence  one  branch 
proceeds  westward  across  the  mountains  to  the  Pacific  Ocean,  and  the 
other  branch  extends  just  eastward  of  the  great  mountain  range  par- 
allel with  it  to  the  Arctic  Ocean.  The  Bocky  Mountain  region,  by  its 
lofty  elevations  of  1  or  2  miles,  especially  as  a  plateau,  has  a  very 
great  influence  upon  the  generation  of  storms  in  the  United  States. 
Unfortunately,  this  region  is  practically  unexplored  by  the  refined 
processes  known  to  science,  and  there  is  great  need  of  planting  some 
strong  observatories  in  this  region  in  the  interests  of  meteorology, 
well  equipped  to  observe  the  action  of  the  sun,  by  means  of  the 
spectroscope,  the  photograph,  the  magnetic  needle,  and  the  telescope, 
in  addition  to  the  physical  instruments  employed  by  meteorologists. 
It  is  the  center  or  heart  of  the  circulation  of  the  atmosphere  for  the 
United  States,  and  yet  its  structure  is  little  known  at  the  present  time. 

The  compilation  of  all  the  storm  tracks  for  the  month  of  October  for 
the  successive  years  shows,  as  in  other  months,  that  the  same  centers 
of  origination  prevail,  the  mean  tracks  and  the  number  proceeding  from 
a  definite  locality  being  given  on  Chart  6.  It  is  seen  that  36  storms 
commenced  their  eastward  march  from  the  district  covered  by  Alberta, 
Saskatchewan  Valley,  and  Assiniboia,  or  generally  to  the  northward  of 
Montana,  whence  they  passed  eastward  over  the  Lake  region  to  the 
Gulf  of  St.  Lawrence;  12  set  out  from  the  northern  Kocky  Mountain 
plateau,  and  11  from  the  middle  plateau  region,  the  former  of  which 
may  be  called  the  Yellowstone  Park  group  and  the  latter  the  Colorado 
group,  both  of  which  joined  the  main  track  in  the  Lake  region.  Farther 
south  4  storms  began  in  New  Mexico  or  northwestern  Texas,  the  tracks 
generally  running  up  the  Ohio  Valley  to  the  Gulf  of  St.  Lawrence. 
Here  we  have  63  storms  generating  on  the  edge  of  the  high  plateau 
region  of  the  Bocky  Mountains  in  elevations  of  5,000  to  9,000  feet  above 
the  sea  level. 

On  the  other  hand,  there  are  systems  of  sea-level  storms  whose  origin 
is  in  very  different  physical  conditions.  Thus,  from  the  North  Pacific 
coast  18  storms  entered  the  United  States,  and  3  from  the  South  Pacific 
coast,  the  former  joining  the  main  track  as  soon  as  the  mountains  were 
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Chart  6.— Storm  tracks  for  October. 
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crossed,  the  latter  usaally  parsaing  a  track  leading  across  the  Onlf 
States;  furthermore,  there  were  9  storms  coming  in  from  the  Golf  of 
Mexico  or  Gulf  States,  and  14  West  Indian  hurricanes,  whose  tracks 
lay  closely  along  the  Atlantic  coast.  Hence,  it  is  found  that  41  storms 
originated  at  sea  level  and  among  conditions  dominated  by  water 
areas.  If  we  generalize,  it  may  be  concluded  that  six-tenths  of  our 
storms  in  October  owe  their  origin  to  an  elevated  plateau  region  and 
four-tenths  to  ocean  influences. 

The  true  causes  of  the  production  of  storms  are  so  far  from  being 
understood  that  beyond  this  brief  statement  of  the  facts  little  that  is 
settled  can  be  advanced.  If  a  similar  comparison  of  storms  originating 
at  high  elevations  and  at  sea  level  be  carried  out  for  the  twelve  months, 
and  covering  a  period  of  ten  years,  it  appears  that  about  760  storms 
were  generated  at  these  high  levels  in  the  United  States  and  about 
383  at  sea  level;  67  per  cent  are  therefore  due  to  mountain  regions, 
reaching  into  the  high  strata,  and  33  x>er  cent  to  ocean  areas. 

It  is  a  singular  fact  that  nearly  all  the  observations  upon  which  the- 
oretical analysis  has  been  based  were  made  at  low  levels,  because  the 
facilities  attendant  upon  civilized  communitieei  are  found  in  the  cities 
of  the  coast  and  the  river  valleys.  Yet,  on  the  other  hand,  the  impor- 
tance of  attacking  the  problem  in  other  quarters  is  very  evident  even 
from  superficial  considerations.  When  the  demands  of  the  highest 
science  are  considered,  the  argument  for  such  observations  is  greatly 
strengthened. 

The  features  of  the  October  storms  are  so  nearly  normal  that  but  few 
remarks  are  required  concerning  them.  It  may  be  noted,  however,  that 
of  the  storms  commencing  in  the  region  north  of  Montana  i^nd  the 
Dakotas,  11  dissipated  in  the  Lake  region  and  the  remainder  passed  to 
the  Atlantic  Ocean  north  of  the  fortieth  parallel,  the  average  time 
required  to  reach  the  Gulf  of  St.  Lawrence  being  about  four  days.  The 
I^orth  Pacific  storms  have  a  tendency  to  keep  well  to  the  northward  of 
the  main  track  over  the  Lakes,  after  joining  the  Alberta  path,  and  about 
two- thirds  of  them  reach  the  Gulf  of  St.  Lawrence. 

October  is  one  of  the  three  months  in  which  the  West  Indian  hurri- 
canes develop.  On  the  international  charts  for  ten  years  187S-1887, 
inclusive,  16  occurred  in  August,  14  in  September,  and  17  in  October, 
with  10  others  outside  these  months;  14  were  observed  in  October 
during  the  years  1884-1893.  Of  these,  5  came  in  from  the  Oaribbean 
Sea,  3  appeared  near  the  West  Indian  Islands,  4  apparently  formed 
between  the  West  Indies  and  Bermudas,  and  2  over  the  eastern  Gulf. 
The  hurricane  of  October  11,  1887,  recurved  in  the  extreme  western 
Gulf  on  the  17th,  came  ashore  near  New  Orleans  on  the  19th,  and  passed 
over  the  Atlantic  States  to  New  Brunswick  by  the  21st;  the  storm  of 
October  8,  1886,  reached  Louisiana  on  the  12th,  and  broke  up  over 
Arkansas  on  the  13th ;  that  of  October  10, 1885,  crossed  over  Florida 
and  the  South  Atlantic  States,  inclined  westward  to  lower  Michigan, 
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and  thence  passed  down  the  St.  Lawrence  Biver  on  the  14th ;  that  of 
October  10, 1893,  recurved  just  off  the  Florida  peninsula,  moved  north- 
ward to  South  Carolina  on  the  13th,  and  advanced  rapidly  into  Canada 
on  the  14th  and  15th;  besides  these  the  others  enumerated  kept  pretty 
well  offshore  in  the  region  of  the  Gulf  Stream.  It  is  to  be  remarked 
that  the  area  of  recurvature  covered  30°  in  longitude,  so  that  no  very 
safe  rule  can  be  stated  to  aid  the  forecaster  in  making  his  analysis  of 
existing  conditions,  but  it  is  thought  that  the  following  rule  is  valuable: 

When  a  West  India  oycloDe  is  moving  westward  in  the  longitude  of  eastern  Cuba, 
and  is  north  of  that  island,  or  is  moving  westward  over  Cnba  or  the  western  Carib- 
bean Sea,  it  wiU  recurve  east  of  the  south  Atlantic  coast  of  the  United  States  when 
a  high  area  occupies  the  northwest;  and  will  probably  cross  the  Gulf  coast  line 
when  a  low  area  occupies  the  northwest. — Garriott. 

The  other  storms  of  this  month  offer  no  special  features,  as  they  are 
generated  in  widely  separated  localities  and  finally  march  to  the  north 
Atlantic  coast,  unless  earlier  dissipated.  The  local  storms  are  greatly 
diminished  in  frequency  by  October,  owing  to  the  colder  temperature 
conditions  prevailing  from  the  lowest  to  the  upper  strata  in  the  atmos- 
phere. There  has  been  but  one  group  of  tornadoes  in  five  years,  these 
occurring  in  Carolina  within  the  loop  of  a  low-pressure  area ;  only  26 
thunderstorms  and  9  hailstorms  were  reported  in  the  same  period,  no 
region  showing  any  excess  over  the  others  in  their  production. 

Heavy  winds  begin  to  prevail  in  certain  places,  Block  Island  and 
Hatteras  leading,  with  winds  above  50  miles  per  hour  from  the  north 
and  northeast;  some  of  the  Lake  stations  show  heavy  southwest 
winds ;  the  stations  on  the  Eocky  Mountain  slope,  especially  in  Mon- 
tana and  the  Bakotas,  have  severe  northwest  gales  on  the  Great 
Plains,  and  on  the  Pacific  Coast  Fort  Canby  was  visited  by  16  wind 
storms  from  the  south  and  west,  with  velocities  above  50  miles  per  hour. 

A  word  may  properly  be  added  regarding  the  formation  of  frost  in 
the  autumn,  by  which  damage  is  often  done  to  crops,  especially  the 
cranberry  and  tobacco,  and  to  fruits  and  vegetables  in  the  southern 
districts  during  the  fall.  Frost,  as  is  well  known,  is  caused  by  lower- 
ing the  temperature  of  the  air  containing  aqueous  vapor  till  it  reaches 
saturation,  and  then  by  further  decrease  of  the  temperature  to  the 
freezing  x>oint  or  below,  when  ice  crystals  of  frost  form  on  the  vegeta- 
tion. In  the  autumn  this  loss  of  heat  in  the  air  is  due  chiefly  to  a  vig- 
orous radiation  from  the  ground,  especially  if  the  surface  is  dry,  during 
the  night,  and  it  is  favored  by  the  conditions  prevailing  near  the  center 
of  a  high  area,  where  the  sky  is  clear,  the  wind  very  light,  and  the  cur- 
rent of  descending  air  comparatively  steady.  If  the  high  drifts  over  a 
region  where  rain  has  fallen  quite  uniformly  within  twenty-four  hours, 
the  wetted  surface  tends  to  retard  lowering  of  temperature,  and  will 
often  screen  a  region  from  frost.  The  favorite  protection,  artificially 
available,  is  a  dense  layer  of  smoke  from  fires  built  on  the  windward 
side  of  the  spot  to  be  cared  for,  the  effect  of  the  stratum  of  smoke  being 
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to  confine  radiation  to  its  npper  layers  and  to  conserve  the  surface 
heat,  by  which  the  temperature  fall  will  be  considerably  diminished. 
It  is  known  that  the  temperatures  within  cities,  where  observations  for 
the  regular  Weather  Bureau  daily  reports  are  generally  made,  run  10° 
to  150  higher  than  in  the  lowlands  of  the  neighborhood  where  frosts 
are  liable.  This  circumstance  is  kept  fully  in  mind  by  the  forecasters 
when  issuing  Irost  warnings  for  any  district. 

NOVEMBBB. 

8TOKM    TRACKS — ^WHT    THB    WBATHER    BECOMES    DRIER   IN    THE  AUTUMN — ^ISOBARS 

AND  WIND  LINES  IN  A  TYPICAL  CENTRAL  STORM. 

It  was  stated  in  the  description  of  the  storms  for  October  that  the 
period  of  the  year  covered  by  the  months  October  and  November  is 
the  one  of  transition  from  the  warm  to  the  cold  season  in  the  northern 
hemisphere.  These  two  months  so  closely  resemble  each  other  that 
nearly  all  the  statements  made  for  October  apply  equally  to  Novem- 
ber, and  hence  an  opportunity  will  be  taken  to  give  a  more  minute 
account  of  the  isobars  and  wind  lines  in  a  type  storm  Ming  the  central 
valleys  of  the  United  States,  instead  of  repeating  the  description  for 
November. 

In  the  count  of  the  origin  of  storms  for  ten  years  as  regards  locality 
it  was  found  that  63  storms  commenced  in  the  elevated  regions  of  the 
United  States  in  October  and  56  in  November,  and  that  44  and  35 
storms  in  the  respective  months  took  their  rise  over  or  near  ocean 
areas.  Putting  it  all  together  for  the  two  months,  134  originated  over 
the  land  and  79  near  or  over  the  ocean,  so  that  the  percentage  is  63  of 
the  first  and  37  of  the  second  kind.  All  these  storms  tend  to  advance 
to  the  point  of  concentration — the  Gulf  of  St.  Lawrence — and  about 
three-fourths  of  them  reach  Washington.  There  they  are  either  dissi- 
pated, or  pass  out  to  sea  in  the  general  eastward  drift  of  the  atmos- 
phere in  this  latitude.  It  is  not  very  definitely  known  what  proportion 
of  the  American  storms  arrived  at  the  shores  of  Europe,  but  it  is  not 
very  great;  and  it  is  certain  that  almost  every  one  of  the  western 
storms  breaks  up  in  the  interior  of  the  Euro- Asian  continent,  instead  of 
traversing  it  to  the  eastern  coast  of  Asia. 

It  is  generally  observed  by  the  public  that  these  two  months  embrace 
some  of  the  pleasantest  weather  of  the  year,  which  is  characterized  by 
cool,  dry  air,  with  quite  a  rapid  succession  of  alternately  warm  and 
cool  or  cold  days.  The  reason  for  this  condition  is  easily  understood. 
Storms  and  storm  tracks  have  been  discussed  and  little  has  been  said 
of  the  high  areas  of  pressure  that  accompany  them.  It  would  be  more 
accurate  to  say  that  the  lows  or  storms  attend  upon  the  highs  and  are 
really  subservient  to  them.  At  any  rate,  looked  at  from  a  more  general 
point  of  view,  a  procession  of  highs  and  lows,  of  cold  and  warm  masses 
of  air,  marches  across  the  country  from  west  to  east.    The  lows  hang 
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Chart  7. — Storm  track*  for  November. 
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along  the  borders  of  the  highs  in  order  to  accomplish  the  courses  marked 
out  for  them. 

Now,  in  October  and  November  the  highs  originate  chiefly  in  the 
continental  areas  north  of  Montana  and  Dakota,  more  so  as  the  winter 
comes  on,  though  a  number  of  course  come  in  from  the  Pacific.  At 
this  season  the  continent  has  become  quite  dry,  as  the  surface  evapora- 
tion has  been  going  on  rapidly  since  summer,  and  the  supply  from  the 
ocean  has  greatly  diminished  in  consequence  of  the  fact  that  the  atmos- 
phere tends  to  descend  from  the  higher  strata  upon  the  continent,  and 
to  blow  thence  outward  upon  the  ocean.  In  other  months,  when  the 
land  is  warmer  than  the  water,  the  circulation  is  from  the  ocean  to  the 
land,  and  this  brings  in  moisture  with  the  air  to  keep  the  ground  full 
of  water  near  the  surface.  The  dry  highs  are  like  sponges,  ready  to 
suck  up  by  evaporation  all  surface  water,  but  when  this  supply  fails 
then  the  original  dryness  of  the  air  is  maintained  as  the  winds  blow 
over  the  country. 

Furthermore,  the  general  lowering  of  the  temperature  of  the  atmos- 
phere at  this  season,  owing  to  the  withdrawal  of  the  sun  to  the  southern 
hemisphere,  is  unfavorable  for  the  air  in  the  lower  strata  to  retain  much 
aqueous  vapor  in  suspension.  If  the  temperature  of  the  air  is  86°  F., 
with  barometer  near  30  inches,  it  can  hold  about  25  grams  of  water 
per  cubic  meter  before  saturation  takes  place,  but  if  the  temperature 
falls  to  50^  it  can  sustain  only  7  grams,  ?;nd  if  to  14^  only  2  grams. 
Now,  on  inspecting  the  maps  it  is  seen  that  in  the  morning  we  are 
dealing  with  temperatures  of  30^  to  60°  F.,  and  therefore  dry  air  can 
take  up  only  3  to  7  grams  of  water  in  the  cubic  meter.  The  conse- 
quence of  these  two  causes  is  to  produce  dry  weather,  and  this  will 
continue  as  long  as  the  continental  cooling  keeps  the  air,  on  the  whole, 
blowing  toward  the  oceans,  or  as  long  as  great  high  areas  of  dry  air  fill 
our  central  regions.  The  statistics  show  that  the  Middle  and  South 
Atlantic  States,  the  Gulf  States,  the  Ohio  and  Mississippi  valleys  are 
very  dry.  On  the  other  hand,  the  Lake  regions  and  New  England  have 
a  large  number  of  rainy  days,  the  precipitation,  however,  being  very 
light  for  the  most  part 

Further  inspection  of  the  maps  of  the  Weather  Bureau  discloses  the 
fact  that  during  these  two  months  the  storms  that  pass  over  the  main 
track,  along  the  Lakes  and  the  Eiver  St.  Lawrence,  are  well  formed, 
even  strongly  developed,  as  the  high  winds  on  the  Lakes  and  the  New 
England  coast  testify.  Yet  they  often  pass  over  their  entire  course  of 
three  days'  duration  almost  perfectly  dry. 

There  may  be  a  little  rain  or  snow  in  the  Lake  region  near  the  center 
of  the  storm,  or  even  in  the  rear  of  it,  but  no  general  precipitation 
occurs,  such  as  the  formation  of  isobars  and  isotherms  and  the  direc- 
tions of  the  wind  suggest  and  would  certainly  produce  at  other  seasons 
of  the  year.  The  dryness  has  been  explained,  but  one  deduction  must 
not  be  omitted.    The  convectional  theory  of  storms  holds  that  the  energy 
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Charts. — Uobars  and  wind  lines. 
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of  storms  is  due  to  a  large  extent  to  the  presence  of  moistare  in  the 
air,  its  condensation,  and  the  liberation  of  latent  heat  with  prcn^ipita- 
tion  of  rain.  But  in  these  months  we  find  numberless  cases  of  well- 
formed  storms  with  deep  centers,  high  gradients,  and  little  or  no  rain, 
maintaining  this  condition  for  two  or  three  days,  and  traversing  a  track 
of  2,500  miles  in  length.  These  facts  discredit  this  theory  of  the  origin 
of  storms  and  relegate  the  function  of  rain  to  an  entirely  secondary 
position. 

It  may  therefore  not  be  unprofitable  to  examine  rather  closely  the 
relations  of  highs  and  lows  to  each  other,  as  shown  by  their  isobars 
and  wind  lines. 

Chart  8  has  been  very  carefully  constructed,  and  represents  the  aver- 
age condition  as  derived  from  10  fully  developed  storms  of  about  this 
type.  It  was  prepared  to  form  the  basis  of  a  strict  mathematical  com- 
putation on  the  theory  of  storms  and  to  put  to  the  test  some  of  the 
assumptions  that  have  been  made  by  writers  on  the  subject.  Starting 
from  the  center  of  the  highs  and  also  of  the  lows  lying  between  them, 
every  distance  and  angle  formed  by  the  direction  of  the  wind  as  it 
crosses  an  isobar  was  measured,  and  the  mean  value  thus  found  for  10 
cases  is  incorporated  on  the  chart.  The  storm  is  placed  central  in 
Illinois,  in  order  to  show  both  the  contributing  highs  on  the  map  of  the 
United  States,  one  of  which  covers  the  northern  Rocky  Mountain 
plateau  and  the  other  the  South  Atlantic  States.  This  is  in  general  a 
favorite  location,  especially  for  a  storm  covering  the  central  valleys, 
and  the  line  joining  the  centers  lies  nearly  along  the  middle  of  the 
high-pressure  belt  as  it  crosses  the  continent  of  North  America.  The 
other  configuration  frequently  occurring  is  for  the  western  high  to  be 
located  as  here  shown,  while  the  eastern  high  lies  over  Kew  England 
and  the  Gulf  of  St.  Lawrence,  but  in  this  case  the  upper  portion  of  the 
isobars  would  not  be  shown,  as  the  center  would  lie  so  far  to  the  north 
that  they  would  fall  outside  the  region  of  our  observations. 

In  order  to  facilitate  the  presentation  of  the  facts,  the  following 
system  was  adopted :  A  line  was  drawn  through  the  center  of  the  low 
as  nearly  along  the  ends  of  the  oval  isobars  asx)ossible,  and  is  the  axis 
of  reference;  parallel  to  it  is  also  drawn  an  axial  line  through  the  cen- 
ter of  the  high.  Now  a  circle  was  placed  near  the  center  of  the  high 
and  divided  into  12  parts  numbered  1  to  12,  the  count  beginning  at 
the  southern  end  of  the  axis.  Then  a  line  was  drawn  from  the  points 
on  the  circle  thus  marked  out  from  the  high  to  the  low,  following  the 
direction  of  the  wind  as  shown  on  the  maps,  wherever  this  might  lead 
over  the  intervening  region.  The  points  at  which  these  wind  lines,  or 
stream  lines  of  wind  velocity,  crossed  the  several  isobars  were  marked, 
and  finally  the  whole  chart  adjusted  to  fit  the  accurate  measurements. 
It  is  seen  that  on  the  western  side  of  the  high  the  lines  1  to  6  fiow  into  the 
low,  but  from  the  eastern  side  only  the  lines  7  to  10 ;  the  lines  11  and  12  are 
probably  lost  in  aimless  drifting  about,  though  the  air  thus  unaccounted 
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for  must  finally  be  drawn  back  into  the  circulation.  The  fonn  of  the  \rind 
lines  flowing  northwesterly  is  very  different  from  those  flowing  south- 
easterly, the  former  spreading  out  over  twice  as  wide  an  area  as  the 
latter.  Likewise  the  velocity  of  the  wind  is  less  on  one  side  than  on 
the  other — that  is,  11  miles  per  hour  in  the  westerly  moving  air  and  14 
miles  in  the  easterly  currents,  the  reckoning  including  all  the  lines 
indicated.  The  relative  distances  of  the  isobars  from  each  other  on  any 
line  shows  the  proportional  velocity  of  the  wind  between  them,  where 
the  isobars  are  close  the  velocity  being  greater  on  account  of  the 
increasing  gradients  of  pressure.  Thus  in  the  chart  the  wind  moves 
fastest  in  the  region  between  30.4  and  30.2,  where  it  flows  away  from 
the  high,  and  between  29.8  and  29.5,  where  it  flows  into  the  low.  An 
examination  of  the  angles  at  which  the  wind  lines  cross  the  isobars 
shows  an  important  difference,  namely,  that  the  average  angle  is  60^ 
for  the  winds  blowing  from  the  southeast  and48o  for  the  winds  coming 
from  the  northwest.  The  spreading  out,  lower  velocity,  and  greater 
angle  on  the  east  side  of  the  low,  with  concentrated  lines,  greater  veloc- 
ity and  smaller  angle  on  the  west  side  of  it,  point  to  a  distinct  differ- 
ence affecting  the  movements  of  the  air  in  these  two  regions.  The 
conclusion  is  that  the  winds  blow  from  east  to  west  much  less  easily 
than  they  do  from  west  to  east  in  this  latitude  and  in  the  United 
States.  Both  these  qualifications  are  required,  because  in  this  latitude 
the  upper  currents  of  air  which  are  intimately  associated  with  the  highs 
and  lows  all  move  rapidly  eastward  in  the  upper  strata,  and  hence 
winds  blowing  against  them  meet  with  resistance;  also  in  the  United 
States  the  slope  of  the  country  is  such  from  the  Eocky  Mountain 
plateau  to  the  Mississippi  Valley  that  the  wind,  as  it  were,  blows  down 
hill  and  is  impelled  forward  by  gravitation.  From  these  causes  our 
northwest  winds  are  violent  and  steady  near  the  center  of  the  low  and 
the  southeast  winds  are  gentle. 

The  primary  function  of  this  circulation  is  to  mix  the  warm  air  from 
the  south  with  the  cold  air  from  the  north,  in  order  gradually  to  neu- 
tralize the  accumulating  heat  from  the  sun  within  the  Tropics.  These 
currents  are  in  every  sense  transporters  of  the  air  from  one  latitude  to 
another,  the  warm  air  of  the  south  being  carried  north  and  the  cold 
air  of  the  north  being  driven  south.  The  warm  air  coming  from  the 
Gulf  region  is  charged  with  aqueous  vapor  to  a  high  degree,  the  cold 
air  from  the  north  is  relatively  dry.  It  is  seen  that  these  two  currents 
in  different  conditions  of  saturation  and  temperature  encounter  each 
other  along  the  axis  of  the  low,  the  effect  being  there  to  precipitate 
the  vapor  in  the  air  by  condensation  into  water.  Furthermore,  the  air 
on  4he  eastern  side  being  warm  and  also  being  transported  to  cooler 
regions  in  the  north,  seeks  to  rise  above  the  ground  stratum  upward, 
and  this  also  causes  precipitation  through  expansion  and  cooling.  Thus 
the  rain  falls  generally  to  the  eastward  of  the  axis  of  the  low  and  the 
skies  are  usually  clear  to  the  westward  of  it. 
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Writers  on  meteorology  have  generally  confined  their  discussion  to 
certain  idealized  conditions,  namely,  circular  isobars  or  parallel  straight 
isobars,  and  based  their  conclusions  upon  these  assumptions.  Occa- 
sionally in  very  violent  storms  the  isobars  in  the  low  may  become 
circular,  and  in  hurricanes  or  tornadoes  this  is  usually  the  case;  in  cer- 
tain parts  of  the  system  they  may  become  straight,  but  this  is  never 
the  case  over  a  large  area.  Evidently  any  treatment  of  storms  that 
avoids  the  actual  facts  as  shown  in  this  chart  is  faulty  as  an  attempt 
at  a  complete  representation  of  the  natural  movements.  It  is  therefore 
hoped  that  the  publication  of  this  accurate  chart  will  have  a  tendency 
to  displace  those  artificial  representations  given  in  many  text-books. 

DECEMBER. 

CHARACTERISTICS    OF    THE  WINTER    CIRCULATION— DECEMBER    STORM    TRACKS  AND 

THE  PRINCIPAL  TYPES  OF  STORMS. 

Beginning  with  December,  and  in  some  years  with  the  middle  of 
November,  the  very  turbulent  circulation  of  the  highs  and  lows  in  the 
United  States  that  is  characteristic  of  the  winter  season  is  especially 
to  be  considered.  This  greater  rapidity  of  movement  and  eccentricity 
of  direction  is  primarily  to  be  referred  to  the  fact  that  the  sun  is  in  the 
southern  hemisphere,  so  that  the  temperatures  in  the  polar  regions  are 
greatly  lowered  and  the  barometric  pressures  increased.  The  Tropics 
are  of  course  at  practically  the  same  temperature  throughout  the  year, 
but  in  the  northern  winter  the  contrast  in  temperature  between  the 
arctic  and  tropical  belts  is  relatively  great,  and  this  gives  an  increase 
of  power  to  the  thermodynamic  engine  which  the  atmosphere  of  the 
earth  really  is  at  all  times.  The  effort  of  the  two  regions  of  different 
temperature  is  to  restore  the  equilibrium  that  is  disturbed  by  the  solar 
radiation,  and  this  is  accomplished  by  the  mechanism  of  the  high  and 
low  circulation.  There  is  no  portion  of  the  world  where  this  inter- 
change of  cold  and  warm  air  is  so  pronounced  in  latitude  as  the  United 
States,  and  this  needs  a  very  clear  explanation  for  a  full  comprehension 
of  the  meteorological  problem.  It  will  not  be  proper  to  attempt  to 
take  up  this  extensive  subject  in  a  few  sentences,  and  it  will  be  there- 
fore passed  over  at  this  point. 

The  turbulent  winter  circulation  is  chiefly  brought  into  observation 
by  the  prominence  that  the  southern  circuit  attains  in  comparison 
with  the  northern.  It  will  be  remembered  that  the  region  near  the 
eastern  crest  of  the  Eocky  Mountains  in  the  neighborhood  of  Alberta 
and  Montana  is  fed  in  by  two  high-pressure  belts,  one  from  the  Cali- 
fornia coast  and  the  other  from  the  northwest  British  Possessions. 
From  this  junction  one  main  path  of  circulation  passes  directly  east- 
ward over  the  Lakes  and  the  St.  Lawrence  Valley  to  iN'ewfoundland, 
called  the  northern  circuit,  lying  directly  under  the  axis  of  the  great 
eastward  upper  currents,  which  are  most  vigorous  in  this  latitude;  the 
second  mean  path  is  along  the  mountain  slope  southeastward  to  Texas, 
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tlience  eastward  over  the  Gulf  States  to  the  Garolinas,  and  thence 
northeastward  to  the  Banks  of  Newfoundland.  The  two  circuits  are 
together  like  a  much-bent  bow,  with  a  string  uniting  the  ends.  The  long 
southern  circuit  is  a  product  of  three  operations :  First,  the  continental 
cooling  of  winter,  that  favors  the  transportation  of  highs  from  north  to 
south  before  they  break  up;  second,  the  circulation  that  builds  up  the 
tropical  high-pressure  belt;  third, the  rapid  eastward  drift  in  subpolar 
latitudes,  that  tends  to  draw  every  high  back  into  this  i)owerful  current. 
The  first  carries  the  cold  waves  and  highs  from  Manitoba  to  Texas, 
the  second  conserves  them  in  the  Gulf  States,  and  the  third  draws 
them  northward  along  the  Atlantic  coast  to  Newfoundland.  Of  course 
it  is  not  easy  to  separate  these  three  interacting  processes  very  dis- 
tinctly, but  in  winter  it  is  not  difficult  to  perceive  their  operations. 

Another  principle  of  great  importance  in  discussing  winter  circula- 
tions is  the  fact  that  the  so-called  high  and  low  pressure  belts  are  some- 
what inaccurately  described  in  this  manner.  From  mathematical 
analysis  it  is  shown  that  the  atmosphere  circulates  in  such  a  way  as  to 
tend  to  accumulate  with  high  pressure  on  the  outer  edges  of  the  Tropics, 
near  latitude  35^  north  and  south,  and  at  the  same  time  to  make  a  sub- 
arctic low-pressure  belt  hear  the  latitude  55^.  But,  as  a  matter  of 
fact,  continuous  high  and  low  pressure  belts  do  not  exist.  In  place  of 
them  there  is  a  succession  of  highs  and  lows  passing  over  these  tracks, 
the  air  tending  to  mass  itself  in  nearly  circular  areas,  alternately  cold 
and  warm,  from  which  the  observed  wind  circulation  is  derived.  In 
the  order  of  natural  cause  and  effect  the  highs  come  first  and  the  lows 
follow,  and  not  in  the  opposite  sequence.  Masses  of  cold  air  are  built 
up  in  the  high-pressure  belt  by  the  effect  of  general  atmospheric 
motions,  the  air  descending  from  the  upper  strata.  Between  two  adja- 
cent highs,  and  also  all  around  the  periphery  of  a  large  high,  the  lows 
are  formed  by  the  action  of  gravitation,  which  throws  the  currents  into 
whirls.  These  have  the  effect  of  forcing  the  air  back  again  into  the 
upper  strata,  where  it  flows  off  in  the  general  eastward  drift.  The 
highs  are  made  up  of  air  descending  through  at  least  5  miles  of  strata; 
the  lows,  on  the  other  hand,  are  forced  up  Ubout  2  miles,  where  they 
are  nearly  obliterated  by  the  upper  currents.  The  notion  that  the  highs 
are  fed  chiefly  by  the  lows,  or  that  the  lows  are  the  primary  source  of 
the  circulation,  has  but  little  foundation,  the  attempt  to  make  the  storm 
energy  do  so  much  work  having  failed  to  find  the  necessary  support  in 
modern  observations.  Having  thus  sketched  the  general  features  of 
the  circulation  in  the  United  States  for  the  winter  months,  we  may 
examine  in  some  detail  the  facts  as  given  by  ten  years  of  the  records  of 
the  Weather  Bureau  for  the  month  of  December. 

The  number  of  storms  originating  near  Alberta  and  Manitoba  for  the 

years  1884  to  1893,  inclusive,  was  49;  entering  the  United  States  from 

the  North  Pacific  coast,  28;  forming  on  the  northern  Eocky  JVIountain 

slope,  10;  near  Colorado,  14;  in  Texas,  8;  in  the  Gulf  States,  8;  to  the 
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Chart  9> — Storm  tracks  for  December. 
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east  of  the  Atlantic  coast  line,  6.  Setting  aside  the  North  Pacific 
group,  which  has  a  somewhat  different  history,  it  may  be  noticed  that 
the  places  of  formation  of  the  storms  just  mentioned  lie  on  the  great 
curve  that  is  called  the  southern  circuit.  Wherever  they  form,  the 
track  they  primarily  seek  to  pursue  is  one  leading  directly  toward  the 
Gulf  of  St.  Lawrence,  where  they  are  caught  up  in  the  great  eastward 
current  and  drawn  out  over  the  North  Atlantic  Ocean.  The  abnormal 
tracks  are  in  nearly  all  cases  caused  by  the  rapid  march  of  a  high  from 
north  to  south,  while  the  low  clings  to  its  edge,  being  fed  as  it  gyrates, 
while  it  seeks  to  swing  from  the  south  to  the  north  side  of  the  high. 
When  doubt  exists  in  making  a  forecast,  the  general  principles  here 
enunciated  are  of  great  value  in  deciding  what  the  course  of  events 
will  probably  be.  These  principles,  namely,  the  interaction  of  the  two 
primary  circuits  and  the  dependence  of  the  lows  upon  the  highs,  will 
probably  be  found  more  efficacious  in  forecasting  than  the  study  of 
types  so  generally  in  favor  with  American  meteorologists. 

The  Alberta  type. — When  a  low  forms  in  the  extreme  northwest,  it  is 
generally  found  that  another  low  covers  the  Gulf  of  St.  Lawrence,  and 
that  an  extensive  high  area  occupies  the  central  valleys  and  the  Gulf 
States.  The  center  of  the  high  will  probably  move  slowly  eastward  to 
the  Carolina  coast,  and  thence  work  northeastward  over  the  ocean. 
The  Alberta  low  advances  in  one  of  two  paths:  (1)  to  eastern  Dakota 
in  one  day,  to  Lake  Superior  in  two  days,  to  the  middle  St.  Lawrence 
Valley  in  three  days^  or  else  (2)  it  will  be  deflected  southeastward  to 
Iowa  and  Missouri  in  two  days,  whence  it  will  make  Lake  Ontario  in 
one  day  more.  About  one-third  of  the  storm  centers  will  be  deflected 
into  the  southern  course,  and  these  are  much  more  erratic  in  their 
action  and  harder  to  forecast. 

The  North  Pdcific  type. — These  come  in  over  the  extreme  northern 
coast,  near  Vancouver,  and  separate  about  equally  in  numbers  into  two 
paths,  of  which  the  first  is  directly  eastward  over  the  Lakes  and  the 
second  far  to  the  southeastward  along  the  mountain  slope,  generally 
reaching  northern  Texas.  In  this  case  a  high  covers  the  central  val- 
leys and  the  Missouri  Valley,  the  weight  of  it  being  near  the  northern 
boundary,  whereas  in  the  Alberta  type  it  was  heaviest  in  the  Gulf 
States.  There  will  usually  be  found  three  lows  in  sight,  one  over  the 
North  Pacific,  one  over  the  Gulf  of  St.  Lawrence,  and  the  third  over 
Florida.  It  is  evident  that  these  are  being  fed  and  sustained  by  the 
great  high,  all  in  the  same  way  and  independently  of  one  another, 
though  each  is  in  intimate  subordination  to  the  high.  The  course  of 
the  Pacific  low  will  be  determined  by  the  movement  of  this  high.  If 
the  high  passes  directly  eastward  in  the  northern  circuit,  the  low  will 
follow  behind  in  the  northern  path ;  if,  on  the  other  hand,  the  high  seeks 
the  southern  circuit,  the  low  will  maintain  about  the  same  relative  posi- 
tion, but  the  tracks  will  now  lie  to  the  southeast  over  the  mountain 
slope  and  the  Gulf  States.    It  is  therefore  of  primary  importance  to 
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know,  in  making  a  thirty-six-hour  forecast,  whicL  circuit  the  high  itself 
will  take  from  the  Dakotas.  If  it  goes  east,  the  low  will  move  to  North 
Dakota  in  one  day,  to  Lake  Huron  in  two,  and  to  the  Gnlf  of  ISt.  Law- 
rence in  three  days;  if  the  high  moves  southeastward  over  the  Ohio 
Yalley,  the  low  will  be  found  near  Colorado  in  one  day,  in  the  Lower 
Mississippi  Valley  in  two  days,  and  if  it  survives,  in  the  St.  Lawrence 
Valley  on  the  third  day ;  some  storms  of  this  type  have  crossed  the 
Gulf  States  to  South  Carolina,  and  have  thence  moved  along  the  coast 
line  to  the  northeast.  The  storms  taking  the  southern  track,  it  is  seen, 
travel  with  great  rapidity,  making  the  long  path  in  the  average  time  of 
about  three  days. 

The  Colorado  type. — This  is  a  marked  type  of  storm,  forming  in  the 
neighborhood  of  the  Colorado  mountains.  The  disposition  of  the  highs 
is  of  a  very  different  sort  in  this  case  from  that  of  the  preceding  types. 
Now  one  strong  high  covers  the  south  Atlantic  and  eastern  Gulf  States, 
and  a  second  covers  the  north  Pacific  States  and  the  northern  Bocky 
Mountain  region.  The  latter  high  lies  at  the  junction  of  the  two 
circuits  in  the  northwest;  the  former  on  the  axis  of  the  circuit  in  the 
southeast;  the  Colorado  low  forms  in  between  them,  where  the  counter 
flow  from  the  highs  causes  a  cyclonic  gyration.  The  northwestern  high 
moves  from  the  California  coast  southeast  to  New  Mexico,  or  else 
farther  north  to  southern  Minnesota,  in  about  two  days..  The  Florida 
high  moves  northeast  along  the  coast  to  New  England  in  the  same  time. 
The  entire  system  therefore  shifts  along  the  southern  circuit.  Mean- 
while the  storm  moves  in  a  very  regular  course  northeastward  in  one 
day  to  Illinois,  in  two  days  to  northern  New  York,  and  in  three  days  to 
the  Gulf  of  St.  Lawrence. 

The  Texas  type. — In  this  case  the  formation  is  similar  to  the  Colorado 
type,  the  whole  system,  however,  being  somewhat  advanced  along  the 
southern  circuit.  The  eastern  high  is  now  central  on  the  Carolina  or 
Virginia  coast,  and  covers  the  districts  east  of  the  Mississippi  River; 
the  western  high  is  well  to  the  east  and  covers  the  Rocky  Mountain 
slope,  being  central  near  Wyoming.  Between  these  a  low  area  is  found 
central  in  Texas,  or  near  the  west  Gulf  coast.  The  circulation  now 
carries  the  Atlantic  high  northeastward  to  Newfoundland  in  two  days 
and  the  Pacific  high  to  Arkansas  in  two  days.  Meanwhile  the  Texas 
low  moves  rapidly  northeast  over  the  central  valleys  to  Indiana  in  one 
day,  to  uortliern  New  England  in  two  days,  while  in  three  days  it  will 
disappear  from  the  map. 

The  Oxdf  of  Mexico  type. — The  description  of  this  type  is  about  the 
same  as  for  the  two  preceding,  except  tliat  the  system  is  agiiin  advanced 
to  the  east.  These  three  types  show  distinctly  the  same  fundamental 
relation  to  the  southern  circuit,  being  transported  farther  along  from 
one  stage  to  the  other.  Finally  there  are  a  few  sporadic  Atlantic  coast 
storms,  forming  near  the  Gulf  Stream  and  moving  northeastward  to  the 
end  of  the  northern  circuit,  near  the  Gulf  of  St.  Lawrence.    It  should  be 
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remarked  regarding  all  the  lows  generated  in  the  southern  circuit, 
especially  the  Texas  and  the  Gulf  of  Mexico  type,  that  they  make  some  of 
the  most  severe  storms  that  sweep  over  the  Eastern  States.  The  Gulf 
States  still  retain  much  of  the  heat  and  moisture  peculiar  to  the  sum- 
mer season,  while  the  highs  from  the  northwest  are  vigorous  with  fresh, 
cold  air.  This  combination  is  very  favorable  to  the  formation  of  sudden, 
rapidly  advancing  storms,  with  heavy  pecipitation,  violent  winds,  great 
contrast  in  temperature  on  the  eastern  and  western  sides.  The  early 
heavy  snowstorms  of  the  Eastern  States  usually  come  from  these 
south  westers,  and  their  passage  over  a  district  is  almost  sure  to  be  fol- 
lowed by  a  destructive  cold  wave,  which,  if  unseasonable  or  unusually 
persistent,  causes  great  damage  in  the  southern  portion  of  the  Gulf 
States.  The  warnings  of  the  Weather  Bureau  are  particularly  valu- 
able in  the  case  of  these  storms,  especially  in  anticipating  violent 
winds  and  high  temperatures,  to  be  followed  by  very  marked  cold 
waves  and  freezing  in  the  Southern  States. 

The  central  high  type. — There  is  one  more  formation  very  characteristic 
of  this  season.  A  large  high  area  sometimes  covers  the  entire  country 
from  the  Pacific  to  the  Atlantic,  giving  clear,  dry  weather  for  several 
days  in  succession.  The  high  holds  quite  steadily,  the  isobars  being 
northwest  to  southeast,  or  even  directly  west  to  east,  and  it  finally  drifts 
off  in  an  irregular  manner,  and  is  followed  by  a  low  in  the  extreme 
northwest. 

The  system  of  movements  thus  enumerated  for  December  prevails 
quite  steadily  till  March,  when  it  begins  to  disintegrate  in  some  very 
irregular  and  abnormal  motions  for  April  and  May,  introducing  the 
summer  circulation  which  is  confined  to  the  northern  circuit.  Fore- 
casting in  the  winter  deals  with  rapid  movements,  great  alternations  of 
temperature,  and  the  interplay  between  the  two  primary  circuits  5  in  the 
summer  it  is  confined  to  the  northern  circuit,  while  sporadic  local  storms, 
tornadoes,  and  thunderstorms  take  the  place  of  dominating  cyclonic 
actions. 

JANTJABY. 

IMPORTANCE  OF  THE  NORTHWESTERN    DISTRICTS— STORM  TRACKS — TEXAS  STORMS — 

COLD  WAVES. 

Most  of  the  weather  conditions  described  in  December  continue  to 
operate  in  January,  but  with  somewhat  greater  intensity.  The  turbu- 
lent changes  in  the  atmospheric  circulation  are  more  pronounced,  and 
the  alternations  of  fair  and  stormy  weather  more  decided.  This  is  due 
to  the  fact  that  lower  temperatures  exist  over  the  entire  arctic  cap  of 
the  northern  hemisphere,  while  at  the  same  time  the  atmosphere  within 
the  Tropics  is  maintained  nearly  at  summer  heat,  so  that  a  very  rapid 
change  in  the  thermal  gradient  occurs  in  going  south  or  north  along 
any  meridian.  Accompanying  this  fall  in  temperature  with  the  latitude, 
the  pressure  also  is  relatively  much  altered  in  the  summer  and  the 
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winter  distribution,  such  that  in  summer  a  large,  nearly  permanent  low 
area  covers  the  arctic  zone,  wliile  in  the  winter  this  is  divided  into  two 
low  areas  by  a  comparatively  high  belt  crossing  the  arctic  region. 
These  lows  are  central,  one  near  Iceland  and  the  other  near  the  Aleu- 
tian Islands,  while  the  high  belt  passes  over  the  British  Possessions 
near  the  Mackenzie  Eiver  Valley,  northern  Alaska,  into  northern  Sibe- 
ria, whence  it  goes  southwest  to  unite  with  the  high  pressure  belt  of  the 
temperate  zone.  The  teudency  to  accumulate  masses  of  cold  dry  air 
in  the  British  territory  between  the  Bocky  Mountains  and  the  Great 
Slave  Lake  region,  just  east  of  them,  is  of  special  significance  in  the 
study  of  the  weather  of  the  United  States  in  the  winter.  Since  the 
high-pressure  belt  thus  described  lies  athwart  the  course  of  the  current 
of  eastward  drift  that  prevails  in  the  upper  strata,  it  is  inferred  that 
there  is  an  eftbrt  going  on  to  break  up  the  formation  of  any  continuous 
area  of  high  pressure  in  the  arctic  zone,  so  that  these  masses  of  air  are 
intermittently  broken  off  to  drift  eastward  in  the  northern  circuit  or 
southeastward  in  the  southern  circuit.  Inasmuch  as  the  passage  of  a 
large  high  area  is  accompanied  by  a  cyclonic  circulation,  or  low,  on  the 
front  and  also  on  the  rear  sides,  or,  in  other  words,  by  areas  of  warmer 
air  on  either  side,  it  is  seen  that  this  condition  tends  to  produce  rapid 
changes  in  the  temperature  of  the  air  that  is  thus  moving  eastward 
over  any  district. 

This  northwest  region  is  of  especial  interest  in  the  meteorology  of 
the  United  States,  for  it  is  practically  the  heart  of  the  circulation  of 
air  that  passes  eastward,  and  if  it  is  possible  to  fully  understand  the 
action  of  the  forces  operating  there  it  will  become  much  easier  to 
generalize  safely  concerning  many  other  problems  in  the  physics  of  the 
atmosphere.  It  may  therefore  be  proper  to  present  a  few  statistics 
regarding  the  northwest  region.  Unfortunately  we  possess  no  suita- 
ble observations  in  the  exact  region  where  the  center  of  operations  is 
located,  between  the  Great  Slave  Lake  and  the  mountains,  that  are 
continuous  over  a  series  of  years.  It  is  found,  however,  that  the  con- 
ditions there  generated  driit  forward  to  the  Dakotas  in  about  one  day, 
on  the  average,  so  that,  utilizing  the  observations  of  the  Weather 
Bureau  in  those  States  since  1878,  we  can  form  a  definite  idea  of  the 
facts  that  are  involved  in  the  problem.  The  record  of  the  seventeen 
years,  1878-1894,  gives  the  following  results  for  the  contrast  between 
summer  and  winter:  The  mean  summer  pressure  of  the  Dakotas  is 
29.90  inches,  and  the  temperature  is  67°;  the  mean  winter  pressure  is 
30.14  inches,  and  tlie  temperature  is  10°;  winter  includes  December, 
January,  and  February,  and  summer,  June,  July,  and  August,  for  these 
conditions.  The  mean  annual  pressure  is  30.03  inches,  and  the  temper- 
ature is  40^,  the  change  being  twenty-four  hundredths  of  an  inch  and 
570  p.  These  are  the  annual  mean  values,  and  of  course  imply  much 
wider  ranges  on  individual  dates. 

I^ow,  on  examining  the  changes  from  day  to  day  in  the  pressure  and 
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temperature,  or,  as  they  may  be  called,  the  amplitudes  of  the  warm 
and  cold  waves  passing  over  the  Dakotas,  it  results  that  the  barometer 
swings  up  and  down  on  the  average  of  thirty-five  hundredths  in  win- 
ter and  nineteen  hundredths  in  summer,  while  the  temperature  oscil- 
lates on  the  average  about  20^  in  winter  and  8^  in  summer.  These 
variations  are  due  to  the  highs  and  lows  passing  over  those  States,  and 
are  made  up  of  all  the  observed  changes,  large  and  small,  that  occur 
in  this  connection,  Some  being  wide  and  some  very  slight.  It  would 
be  nearly  correct  to  double  these  figures  in  order  to  obtain  the  wide 
individual  changes  that  can  be  noted.  It  is  the  passage  from  the  sum- 
mer values  to  those  of  the  winter  that  makes  up  the  seasonal  changes, 
and  when  these  are  translated  into  the  winds,  gales,  hot  and  cold  days, 
as  they  come  one  after  the  other,  it  will  easily  be  inferred  what  a 
power  these  small  numbers  really  represent  in  the  action  of  the  earth's 
atmosphere.  In  the  Tropics,  by  way  of  contrast,  the  amplitude  changes 
are  not  one-fifth  as  large  for  the  year.  The  question  naturally  arises, 
What  is  the  exact  action  or  energy  in  nature  that  causes  this  vast 
accumulation  of  forces  to  take  place  in  the  region  to  the  northwest  of 
the  Dakotas!  This  is  peculiarly  interesting  irom  the  fact  that  there 
is  no  other  region  known  in  the  northern  or  southern  hemispheres 
where  so  great  an  output  of  energy  is  observed. 

The  peculiarly  rough  type  of  weather  prevailing  in  the  United  States 
during  the  winter  as  compared  with  Europe  or  even  Siberia  is  entirely 
dependent  upon  it.  There  are  doubtless  a  large  number  of  causes  at 
work  to  bring  about  this  result,  yet  it  is  possible  to  specify  some  of 
them,  and  this  will  be  attempted  in  connection  with  the  February 
storms,  when  this  set  of  influences  rises  to  the  maximum  x)ower. 

The  stormy  conditions  thus  generated  in  the  extreme  northwest  are 
propagatetl  eastward  in  a  series  of  irregular,  spasmodic  discharges,  or 
storm  drifts,  that  cover  the  United  States,  the  intensity  diminishing 
gradually  as  the  storm  power  becomes  exhausted  on  the  way  to  the 
Atlantic  coast.  The  belt  of  the  Northern  States  lying  under  the 
great  eastward  drift  current  is  swept  by  these  violent  changes  nearly 
all  the  winter;  not  infrequently  these  are  projected  so  far  south  as  to 
reach  the  Gulf  States  with  gales  and  cold  waves.  The  storms  forming 
in  the  Southwestern  States,  near  Texas,  are  in  reality  the  effect  of  the 
work  done  to  the  northward  in  Manitoba,  the  activity  of  a  single  storm 
covering  many  thousand  miles  when  the  interchanging  winds  of  the 
highs  and  lows  are  considered. 

Conspicuous  features  of  the  distribution  of  the  origin  and  the  tracks 
of  storms,  when  the  months  of  the  year  are  compared  with  one  another, 
are  the  facts  that  as  the  winter  approaches  the  number  of  storms  form- 
ing in  the  Southwestern  States  increases  decidedly,  and  that  the  tracks 
loop  southward  over  the  Rocky  Mountain  slopes.  In  the  mouths  May 
to  December  the  average  number  of  Texas  storms  is  6,  but  in  the 
months  January  to  April  it  is  17,  for  each  month,  as  a  total  for  the  ten 
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Chart  la — Storm  tracks  for  January. 


41 

years  1884-1893.  The  effect  of  this  is  to  cause  many  more  storms  to 
cross  the  soath  central  valleys,  the  Oalf,  and  the  South  Atlantic  States; 
also  the  storms  beginning  in  the  northwest  are  often  forced  south- 
eastward to  the  Gulf  States  before  they  recurve  to  the  Gulf  of  St. 
Lawrence.  These  effects  are  apparently  due  to  the  great  highs  forming 
to  the  north  of  Montana,  which  are  driven  forward  to  the  south  and 
propel  the  storm  in  front  of  them  in  the  tracks  just  indicated. 

An  examination  of  the  types  peculiar  to  the  several  districts  gives 
rise  to  the  following  data  for  January:  In  the  ten  years  discussed 
there  were  98  storms,  32  belonging  to  the  Alberta  type,  20  to  the  north 
Pacific  coast  type,  8  to  the  north  Eocky  Mountain  plateau  type,  10  to 
the  Colorado  type,  and  21  to  the  Texas  type;  2  others  formed  on  the 
south  Pacific  coast,  2  in  the  eastern  Gulf,  and  3  near  the  Ohio  Valley. 

An  examination  of  the  international  charts  regarding  the  causes 
producing  storms  in  the  Saskatchewan  Valley  shows  that  they  are 
usually  preceded  by  a  loop  from  the  Alaska  low  intruding  upon  this 
region,  which  is  then  broken  off  by  the  action  of  the  highs  in  the 
neighborhood.  It  is  seldom  that  any  distinct  gyratory  movement  of 
the  wind  is  seen  around  an  advancing  center,  until  the  loop  is  in  the 
valley  east  of  the  mountains,  as  far  north  as  50^  to  65^  latitude.  If 
the  same  cause  operates  more  to  the  south,  in  latitude  45<=^  to  50^ j  then 
a  true  cyclonic  low  is  formed  over  the  ocean  and  advances  upon  the 
coast  as  one  of  the  !N"orth  Pacific  type.  These  two  types,  forming 
under  the  same  general  conditions,  embrace  more  than  one-half  of  all 
the  January  storms.  Two-thirds  of  these  reach  the  Atlantic  coast 
north  of  the  fortieth  parallel,  and  if  they  move  in  the  northern  circuit 
over  the  Lake  region  the  succession  of  warm  and  cold,  stormy  and  fair 
days  will  be  very  regular.  If  they  are,  on  the  other  hand,  deflected 
southward,  the  probable  course  of  the  track  is  harder  to  determine,  the 
rate  of  advance  and  the  severity  of  the  storm  will  be  more  dif&cult 
elements  to  include  in  the  forecast.  The  average  velocity  of  eastward 
movement  is  37  miles  per  hour.  About  two-thirds  of  the  storms  of  the 
Alberta  type  move  eastward  over  the  Lakes,  but  one-third  are  deflected 
as  far  southward  as  Missouri,  that  being  the  average  place  of  turning 
northeastward. 

In  a  similar  way  about  one- third  of  the  !N'orth  Pacific  coast  storms 
bend  southeastward  to  nearly  the  same  latitude,  37°,  but  they  recurve 
farther  to  the  west  in  the  States  of  Colorado  or  Kansas.  The  tracks  of 
this  type  are  much  more  spread  out  after  crossing  the  mountains,  but 
they  generally  make  the  lower  Lake  region  and  advance  down  the  St. 
Lawrence  Valley.  An  important  feature  regarding  the  precipitation 
of  the  storms  moving  in  the  northern  circuit  is  that  before  the  center 
reaches  the  Upper  Mississippi  Valley  the  fall  is  on  the  western  or 
following  side  of  it  in  Montana,  the  Dakotas,  and  Minnesota;  but 
within  a  few  hours  the  precipitation  is  transferred  to  the  eastern  side 
of  the  center  into  the  Lake  region,  and  then  advances  before  it  over  the 
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Middle  States  and  Kew  England.  It  is  hard  to  inclade  such  facts  in 
the  theory  that  rain  or  snowfall  is  essential  to  the  formation  of  storms 
or  that  lows  advance  to  the  region  of  greatest  precipitation.  The  order 
of  events  seems  rather  to  be  that  the  lows  are  products  of  the  highs, 
and  the  precipitation  effects  of  the  lows. 

In  i)oint  of  number  and  in  severity  of  the  winter  storms  the  Texas 
type  stands  in  the  front  rank,  and  deserve  particular  attention  from  the 
forecaster.  Some  of  them  form  in  northern  Texas,  near  the  terminal 
slopes  of  the  mountains,  and  they  usually  advance  to  lower  Michigan 
and  reach  the  Atlantic  Ocean  in  about  forty-eight  hours.  Others  orig- 
inate in  southern  Texas,  and  these  are  likely  to  move  more  to  the  east- 
ward over  Tennessee  and  Kentucky,  along  the  Appalachian  range,  the 
march  from  Texas  to  Kew  England  taking  about  two  days.  Still  others 
form  in  the  western  Gulf  or  near  the  Rio  Grande  River,  and  these  are 
usually  found  to  skirt  the  Gulf  and  the  Atlantic  coasts  and  to  reach 
the  Kew  England  coast  in  forty-eight  hours.  In  general,  immense  areas 
of  rainfall  accompany  these  storms,  covering  the  Lower  Mississippi 
Valley  and  the  Ohio  Valley  in  twenty-four  hours,  the  Atlantic  and  New 
England  States  in  the  next  twenty-four  hours.  The  rise  of  temperature 
in  the  front  is  excessive,  and  the  passage  of  the  storm  is  likely  to  be 
followed  by  a  severe  drop  in  the  temperature,  with  a  cold  wave  in  the 
Southern  States  and  clear,  dry  weather. 

The  northern  and  southern  types  now  mentioned  comprise  three- 
fourths  of  the  January  storms,  the  others  being  sporadic  or  else  abnor- 
mal, and  depending  upon  the  relative  location  of  the  high  areas  and 
their  movements.  One  of  the  South  Pacific  storms  moved  northeast- 
ward to  the  Lake  region  and  the  other  directly  eastward  to  the  South 
Carolina  coast;  the  2  east  Gulf  storms  followed  the  Atlantic  coast 
line  to  the  north;  the  3  Ohio  VaUey  storms  moved  to  New  England. 
The  northern  Rocky  Mountain  (8)  and  the  Colorado  (10)  storms  all  moved 
with  great  regularity  to  the  northeast,  except  that  the  former  generally 
looped  southward  into  Nebraska. 

The  cold  waves  of  the  winter  season,  setting  in  during  the  second 
half  of  November  and  continuing  until  April,  are  important  matters 
for  the  attention  of  the  Weather  Bureau. 

For  forecast  purposes  in  connection  with  cold  waves,  the  country 
east  of  the  Rocky  Mountains  is  divided  into  five  districts,  according 
to  the  relative  frequency  and  intensity  of  the  waves;  the  region  most 
marked  in  these  respects  embracing  the  Northwestern  States,  and  that 
least  marked  including  Florida  and  the  Gulf  coast. 

The  temperature  falls  required  to  constitute  a  cold  wave  vary  with 
the  districts  and  the  seasons  of  the  year,  but  range  from  24-hour  falls 
of  from  20°  to  160  with  juinimum  temperatures  of  from  16^  to  32^ 
during  the  months  of  December,  January,  and  February,  to  the  same 
24-hour  falls  with  minimum  temperatures  of  from  20^  to  36°  during 
the  remaining  portions  of  the  year.  In  verifying  a  signal  ordered  to 
forecast  a  cold  wave  these  conditions  must  be  fulfilled. 
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Gold  waves  come  with  the  quick  advance  of  a  high  area  from  the 
north,  and  they  are  materially  strengthened  by  the  passage  of  a  vig- 
orous storm  center  northeastward  along  the  edge  of  the  high,  the  lat- 
ter tending  to  raise  the  temperature  in  the  front  and  the  former  to 
depress  it  decidedly  in  the  rear.  It  is  often  a  very  difficult  matter 
to  mark  out  successfully  the  exact  boundary  of  this  extreme  fall  of 
temperature  because  the  rapid  changes  in  the  relative  places  of  the 
highs  and  lows  can  not  always  be  definitely  foreseen.  In  spite  of  this 
the  Bureau  is  able  to  give  such  timely  warnings  of  sudden  drops  of 
temperature  as  to  be  of  great  value  to  the  transportation  and  commer- 
cial interests  of  the  United  States. 

FBBKUABY. 

IRREGULAR  RATB  OF  EASTWARD   DRIFT  OF  STORMS. 

Under  the  month  of  January  an  attempt  has  been  made  to  direct  atten- 
tion to  the  importance  of  the  northwest  region  in  the  meteorology  of 
the  United  States.  On  the  eastern  slope  of  the  Eocky  Mountains,  in 
the  Canadian  possessions,  in  the  neighborhood  of  115^  west  longitude 
and  550  uorth  latitude,  there  exists  a  peculiar  mechanism  whose  work 
is  to  turn  out  a  series  of  highs  and  lows,  following  each  other  in  an  ap- 
parently fortuitous  sequence,  which  then  advance  over  the  United  States 
in  the  tracks  that  have  been  described. 

The  leading  feature  in  the  meteorology  of  the  earth  is  the  fact  that 
the  sun's  radiation  warms  the  tropical  and  temperate  zones,  leaving  the 
arctic  regions  cold.  From  this  unequal  temperature  there  are  produced 
convectional  currents,  of  which  the  primary  are  the  tropical  trades 
blowing  westerly  and  the  upper  current  in  the  temperate  zones  blow- 
ing easterly.  The  movements  of  our  highs  aud  lows  have  much  to  do 
with  this  eastward  current,  and  upon  it  depends  the  main  eastward 
drift  that  is  at  the  basis  of  the  practical  forecasts  of  the  Weather  Bu- 
reau. The  most  remarkable  feature  regarding  this  eastward  drift,  over 
the  entire  hemisphere,  is  that  sometimes  it  is  very  rapid  and  at  other 
times  very  slow,  the  acceleration  and  the  stagnation  succeeding  each 
other  at  uncertain  intervals. 

This  irregularity  is,  on  the  whole,  the  most  difficult  feature  in  fore- 
casting to  take  account  of,  and  on  account  of  it  occur  many  of  the 
failures.  A  sudden  slowing  up  of  the  drift  will  necessarily  throw  the 
whole  forecast  into  confusion,  and  an  unexpected  rush  will  also  pro- 
duce disaster.  This  peculiar  change  in  rate  of  motion  seems  to  occur 
simultaneously  over  the  two  continents  and  the  two  oceans,  and  is 
therefore  probably  due  to  the  work  of  some  great  cosmical  agency,  a 
discussion  of  which  will  be  found  later  in  this  paper. 

The  tracks  for  February  are  similar  to  those  for  Janu<ary  and  March, 
and  much  of  the  analysis  of  storms  is  equally  applicable  to  these  three 
months.    The  intensity  of  the  weather  conditions  gradually  rises  from 
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Chart  1 1. — Storm  tracks  for  February. 
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September  till  it  cnlminates  in  February,  and  thence  falls  off  till  June, 
when  the  Bummer  relations  become  reestablished.  A  count  of  the  num- 
ber of  storms  in  February  for  ten  years  1884-1893  shows  that  27  orig- 
inated near  Alberta,  18  on  the  North  Pacific  coast,  8  on  the  northern 
Eocky  Mountain  plateau,  13  in  Colorado,  18  in  Texas,  6  in  the  east  Gulf 
and  South  Atlantic  States,  7  in  the  central  valleys,  and  2  on  the  South 
Pacific  coast,  making  a  total  of  99,  and  averaging  10  each  month. 

Approximately  20  per  cent  of  our  February  storms  come  from  the 
Pacific  Ocean  and  States,  24  per  cent  from  the  Gulf  of  Mexico  and  Gulf 
States,  and  56  per  cent  are  developed  in  the  interior.  The  tracks  con- 
verge, as  usual,  to  the  Gulf  of  St.  Lawrence,  when  the  movement  is 
normal.  The  anomalous  tracks  usually  have  a  decided  loop  southward 
along  the  Kocky  Mountain  slope,  whence  they  may  advance  and  be  lost 
near  the  Gulf  of  Mexico  or  recurve  to  the  Lake  region  and  the  St.  Law- 
rence Valley.  These  storms  almost  always  move  in  front  of  a  large  high 
area,  whose  rapid  and  vigorous  movement  thrusts  the  northern  storm 
to  the  southward  before  they  can  gyrate  to  tlie  east  front  along  the 
periphery  of  the  high. 

The  Texas  storms,  as  in  other  months,  are  rapid  marchers,  and  are 
attended  by  widely  extended  rain  or  snow  precipitation.  If  there  is  no 
high  over  the  Gulf  of  St.  Lawrence  which  retards  the  northeastward 
movement,  they  reach  New  England  in  forty-eight  hours;  if  a  high 
hangs  persistently  in  that  region,  they  may  require  ninety-six  hours. 
If  a  high  is  located  in  the  northwest,  threatening  a  cold  wave,  this  will 
reach  the  Gulf  States  if  the  movement  is  rapid;  it  will  be  dissipated 
in  rain  or  snow  if  the  low  is  much  retarded.  Special  attention  should 
be  directed  to  the  probable  behavior  of  the  St.  Lawrence  high,  as  upon 
this  will  depend  success  in  forecasting  the  advance  of  a  large  storm 
from  the  southwest. 

MABCH. 

THE   BREAKING  UP  OF  THE   WINTER   CONDITIONS  AND  THE  WIDELY  SCATTERED 

SYSTEMS  OF   STORM   TRACKS. 

March  impresses  itself  upon  the  dweller  in  the  northern  half  of  the 
United  States  as  a  particularly  windy  and  disagreeable  month,  with 
strong  alternations  of  wintry  and  mild  weather.  This  is  due  to  the 
breaking  up  of  the  conditions  that  have  prevailed  since  December, 
and  the  processes  of  return  to  si)ring  and  summer.  There  is  in  the 
Arctic  zone  an  enormous  amount  of  cold  material  to  be  disposed  of, 
covering  the  northern  regions  in  the  form  of  ice  and  snow ;  at  the  same 
time  the  southern  zone  is  becoming  decidedly  warmer  in  consequence 
of  the  advance  of  the  sun  to  the  northern  side  of  the  equator. 

The  United  States  is  peculiarly  the  theater  of  this  contest  between 
the  giants  of  cold  and  heat,  and  they  stagger  back  and  forth  over  this 
territory  as  one  or  the  other  is  for  the  time  being  in  the  strongest 
form.    The  cold  waves  laun(;h  themselves  from  the  North  and  carry 
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Chart  IX — Storm  tracks  for  March. 
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their  icy  chill  to  the  warm  Soathem  States;  or,  on  the  other  hand,  the 
warm  currents  of  air  &cm  the  South  advance  far  into  the  North,  and 
this  alternation  causes  a  rapid  variation  in  the  temperature  and  the 
other  weather  conditions  at  stations  of  the  middle  latitudes. 

An  examination  of  the  storm  tracks  for  March  gives  very  definite 
evidence  of  the  effect  of  this  struggle  for  supremacy.  Instead  of  being 
confined  to  the  neighborhood  of  the  mean  tracks,  it  is  found  that  they 
spread  out  over  the  entire  territory  of  the  United  States  from  north  to 
south.  The  phenomenon  of  looping  southward  along  the  Kocky  Moun- 
tain slope  before  recurving  northeastward  to  the  Gulf  of  St.  Lawrence 
is  most  pronounced. 

The  storms  which  first  develop  in  Alberta  or  on  the  North  Pacific 
coast  may  advance  directly  eastward  over  the  Lakes  to  the  Gulf;  or 
they  may  be  pushed  south  and  recurve  in  Colorado,  Missouri,  southern 
Illinois,  or  southern  Indiana,  in  order  to  move  to  the  St.  Lawrence  Val- 
ley; or  else  they  may  be  propelled  still  fjaxther  south  along  the  Rocky 
Mountain  slope  to  Texas  and  the  Gulf  coast,  whence  they  proceed  to 
the  South  Atlantic  coast,  and  then  turn  northward  to  Newfoundland. 
Not  a  few  of  these  storms  dissipate  in  the  Lake  region  or  the  Ohio 
Valley  5  others  will  persist  in  a  path  of  nearly  5,000  miles,  from  Alberta 
to  southern  Texas,  South  Carolina,  and  finally  to  Newfoundland. 

It  may  be  asked,  What  is  the  primary  cause  of  these  very  widely 
scattered  storm  tracks  in  March,  as  compared,  for  example,  with  the 
regular  distribution  of  those  noted  in  October!  The  answer  is  clear 
and  comprehensive.  It  is  that  the  lows,  or  storm  centers,  are  in  all 
cases  developed  along  the  edge  of  the  high  area,  and  that  they  depend 
on  the  high  for  the  source  of  the  great  volume  of  air  that  circulates 
through  them,  and  to  which  the  motion  peculiar  to  the  configuration  of 
the  low  is  due.  As  the  high  moves,  so  also  moves  the  low,  partaking 
of  its  eccentricities  as  to  direction,  rate  of  motion,  and  distance  of  prop- 
agation. If  a  high  forms  on  the  great  plains  of  the  British  Possessions 
under  the  magnetic  auroral  belt,  just  eastward  of  the  mountains,  a  low 
will  also  at  the  same  time  develop  to  the  south  of  it,  in  Alberta  or  Man- 
itoba. As  the  bjgh  is  driven  southward  it  may  work  into  the  central 
valleys,  holding  the  low  still  to  the  south,  by  which  time  it  will  mark 
out  a  track  southeastward  to  the  Gulf  States;  then  the  low  will  gyrate 
along  the  front  and  eastward  side  of  the  high,  which  may  halt  or  dissi- 
pate in  the  South  Atlantic  States,  while  the  low,  still  drawing  its  supply 
of  air  from  the  high  itself,  advances  northward  and  is  taken  up  by  the 
great  eastward  current  of  latitude  46°  to  SO'^.  The  unequal  distribu- 
tion of  the  tracks  of  the  storms  in  March  is  therefore  due  to  the  irreg- 
ular propulsion  of  cold  masses  of  air  from  the  Arctic  regions  into  the 
middle  of  the  North  American  continent. 

A  peculiarity  of  continental  action  is  that  in  summer  the  interior  is 
warmer  than  the  borders,  but  in  winter  the  interior  is  colder  than  the 
coasts.    The  upper  Lake  region  and  the  Upper  Mississippi  Valley  are 


48 

especially  remarkable  for  this  feature.  Between  meridians  95<^  and 
lOQo  and  between  parallels  50^  to  55^  the  change  in  temperature  is  the 
greatest  known  in  iN'orth  America.  It  is  coldest  in  winter  there,  and 
also  it  may  become  the  hottest  part  of  the  country  in  summer;  the 
range  of  temperature  may  be  from  45^  below  zero  in  winter  to  105^ 
above  zero  in  summer,  a  change  of  150^.  The  encroachments  of  spring 
upon  the  winter  in  North  America  proceed  from  the  extreme  southwest, 
the  Gulf  of  California,  and  the  Colorado  Eiver  Yailey,  and  advance 
toward  the  northeast.  There  is  constantly  going  on  a  vigorous  inter- 
play between  the  cold  pole  in  the  Red  River  Valley  of  the  North  and  the 
heat  that  is  working  in  from  the  lower  Rocky  Mountain  plateau  and  the 
extreme  southwest. 

This  leads  to  a  description  of  one  of  the  most  characteristic  features 
of  the  advance  of  the  summer  upon  the  North  American  continent.  In 
winter  the  lines  of  equal  normal  temperature,  that  is,  the  isotherms, 
are  grouped  about  the  cold  pole  in  quite  a  symmetrical  manner,  bend- 
ing southward  in  the  interior  as  they  pass  from  the  Atlantic  to  the 
Pacific  coast.  This  configuration  may  be  regarded  as  normal  from 
November  to  March,  inclusive. 

In  summer  the  formation  is  somewhat  inverted,  the  lines  bending 
northward  from  the  coasts  toward  the  interior,  though  the  crest  is 
now  farther  west,  in  the  dry  Rocky  Mountain  region.  The  Gulf  of  Cali- 
fornia is  the'central  region  of  heat,  and  the  crest  extends  from  Yuma, 
Ariz.,  northeastward  toward  the  Dakotas.  This  inversion  of  the  crests 
of  the  isotherms  in  the  interior  of  the  continent  is  necessarily  accom- 
panied by  a  notable  change  in  the  configuration  of  the  areas  of  equal 
pressure. 

When  the  winter  cold  is  established  the  high-pressure  belt  is  very 
firm  in  the  Rocky  Mountain  districts,  and  is  shown  by  a  persistent  high 
area  in  that  region,  which  may  linger  many  days,  with  apparently  no 
active  effect  upon  the  weather  conditions  in  the  central  valleys,  and  it 
is  therefore  called  a  "dead  high."  This  western  high  is  often  a  well- 
established  feature  from  November  to  March.  During  September  and 
October  conditions  favorable  to  the  development  of  this  high  are 
improving,  and  during  April  and  May  their  destruction  is  taking  place. 

In  the  summer  this  permanent  high  is  replaced  by  a  trough  of  low 
pressure,  extending  from  the  Gulf  of  California,  where  it  is  always  low- 
est, along  the  plateau  region  to  the  Dakotas.  At  that  time  a  more  or 
less  permanent  high  is  located  on  the  northern  Pacific  coast,  and 
another  is  central  in  the  east  Gulf  States.  The  cause  of  the  formation 
of  these  different  types  of  highs,  as  modified  by  continental  action,  is 
one  of  the  most  important  problems  presented  to  meteorology  for  solu- 
tion, but,  unfortunately,  our  knowledge  of  the  physics  of  the  subject  is 
very  imperfect. 

The  transition  of  the  winter  high  of  the  Rocky  Mountains  to  the 
summer  low  is  indicated  by  a  peculiar  change  that  should  be  consid- 
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ered.  The  first  sign  of  the  coming  modification  is  that  the  high  area 
is  flatter,  covers  a  wider  territory,  especially  on  the  northern  plateau 
and  slope,  and  is  less  likely  to  build  a  marked  center  in  the  neighbor- 
hood of  Utah  and  Wyoming.  The  second  symptom  of  the  change  is 
that  the  center  of  the  high  slides  gradually  to  the  northeastward, 
passing  over  the  Dakotas  to  the  upper  Lake  region.  Another  way  of 
stating  the  same  fact,  as  shown  by  the  normal  charts  extending  over 
twenty  years,  is  that  the  axis  of  the  polar  high  pressure,  which  is  trib- 
utary in  the  winter  to  the  mid-latitude  high-pressure  belt,  gradually 
works  eastward  from  near  the  base  of  the  mountains  in  western  Canada 
to  the  shore  of  Hudson  Bay,  and  bends  so  far  southeastward  as  to 
discharge  to  the  east  of  the  Lakes  instead  of  to  the  west  of  them  in 
the  Upper  Mississippi  Valley.  This  change  produces  a  very  different 
aspect  on  the  map  for  the  purpose  of  forecasting.  When  the  discharge 
from  north  to  south  is  along  the  Rocky  Mountain  slope,  the  formation  of 
storm  centers,  and  the  axis  of  cold  waves  is  usually  in  the  Missouri  and 
the  Upper  Mississippi  valleys ;  but  when  the  output  from  the  Arctic  zone 
is  to  the  eastward  of  the  Lakes,  then  the  western  region  is  comparatively 
flat  and  quiet,  but  the  cold  waves  and  the  high  area  from  the  north 
are  projected  into  the  Lake  region  and  New  England.  These  often 
come  very  suddenly,  and  almost  without  x)reliminary  indications  on  the 
charts,  being  usually  accompanied  by  a  low  center  in  the  Gulf  of 
St.  Lawrence,  upon  whose  western  quadrants  the  high  advances  rap- 
idly. There  are  several  weeks,  especially  in  March,  when  an  uncertainty 
exists  regarding  the  axis  of  the  Arctic  high,  whether  it  be  to  the  west 
or  the  east  of  the  Lakes,  and  this  causes  great  confusion  in  the  tracks 
when  collected  for  a  number  of  years  on  the  charts.  In  April  and  May 
the  high  has  moved  so  far  eastward,  nearly  to  Hudson  Bay,  as  to  make 
the  majority  of  the  movements  from  the  north  occar  to  the  eastward 
of  the  Lakes.  In  the  meantime  the  low  trough  has  advanced  so  far 
from  the  extreme  southwest  as  to  make  itself  the  dominant  feature 
of  the  Rocky  Mountain  districts;  hence  the  forecasts  of  cold  masses  of 
air  for  the  Middle  States  and  New  England  become  the  leading  feature 
for  consideration,  and  in  fact  the  attention  of  the  forecaster  is  neces- 
sarily fixed  upon  this  region. 

A  count  of  the  number  of  storms  originating  in  the  several  districts 
shows  that  Alberta  is  to  be  credited  with  39,  the  North  Pacific  coast 
with  28,  the  northern  Rocky  Mountain  plateau  with  8,  Colorado  with 
12,  Texas  with  14,  and  the  east  Gjilf  States  with  6,  making  a  total  of 
107  for  the  years  1884  to  1893,  inclusive.  The  Alberta  storms  move  in 
part  along  the  northern  circuit,  some  loop  down  the  mountain  slope  to 
Colorado,  and  others  reach  Texas  before  recurving  to  the  northeast. 
The  North  Pacific  storms  show  an  even  greater  tendency  to  loop  south- 
ward to  the  west  Gulf  States,  though  some  move  directly  eastward, 
and  others  take  a  middle  course  between  these  extremes,  the  result 
being  to  cover  the  western  region  with  the  tracks.  The  Colorado 
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storms  are  also  inclined  to  loop  sonthward,  and  the  minority  of  them 
cross  the  Golf  States  to  the  Atlantic  coast  before  moving  northeast- 
ward, although  a  few  may  pass  over  Lake  Michigan  and  the  lowe 
lakes.  The  Texas  storms  almost  invariably  move  eastward  at  first,  a 
part  of  them  taking  the  interior  track  westward  of  the  Alleghany 
Mountains,  the  remainder  following  the  coast  line  from  North  Carolina 
to  Newfoundland.  The  storms  that  originate  in  the  middle  Gulf 
States  generally  touch  the  middle  Atlantic  coast  near  Virginia  or 
North  Carolina,  whence  they  pass  northward  over  New  England.  As 
in  other  months  when  the  Gulf  of  Mexico  or  Texas  storms  are 
attended  by  heavy  precipitation,  they  are  likely  to  produce  widespread 
and  even  disastrous  effects  in  the  shipping  ports  along  the  Atlantic 
coast.  It  takes  about  forty-eight  hours  for  such  storms  to  reach  New 
England,  unless  decidedly  retarded  by  a  i)ersistent  high  in  the  St 
Lawrence  Valley. 

It  may  be  observed  that  the  magnetic  auroral  belt  runs  directly  along 
the  region  from  which  the  high  advances,  whether  the  discharge  be  from 
the  western  or  the  eastern  side  of  the  Lake  region. 

The  magnetic  force  seems  to  be  efficient  in  producing  meteorological 
effects  in  proportion  as  it  can  operate  in  cold  atmospheric  conditions. 
Hence  the  encroachment  of  warm  air  from  the  southern  Bocky  Moun- 
tain districts  as  spring  comes  on  is  unfavorable  for  this  kind  of  action, 
and  it  seeks  to  transfer  its  seat  to  the  portions  of  the  interior  of  the 
continent  that  still  retain  low  temperatures,  namely,  to  the  Hudson 
Bay  districts;  finally,  as  the  summer  heat  conquers  this  cold  territory, 
the  winter  high  passes  away  entirely,  and  the  whole  arctic  region  is 
covered  by  low  pressures,  extending  from  the  north  Atlantic  to  the 
north  Pacific  Ocean  and  passing  directly  across  the  Arctic  Ocean. 

The  unsettled  weather  of  the  month  of  March,  especially  in  the 
northeastern  portions  of  the  United  States,  with  its  rapid  alternations 
of  warm  and  cold  winds,  often  reaching  considerable  violence,  is  there- 
fore the  parting  salute  of  the  cold  winter  that  has  prevailed  for  five 
months  throughout  the  northern  cap.  A  most  impressive  feature  of 
this  change,  as  deduced  from  a  close  study  of  the  barometers  and 
temperature  readings  of  the  Weather  Bureau,  is  the  suddenness  with 
which. the  struggle  is  concluded  in  the  northwest,  for  March  often  comes 
in  with  a  very  violent  action,  and  this  is  almost  certain  to  end  about 
the  20th  of  the  month  with  moderate  movements  of  the  air.  The 
struggle  is  prolonged  in  the  east,  but  is  usually  about  over  by  the  10th 
of  April. 

APRIIi. 

FORMATION   OF  THE   ROCKY  MOUNTAIN   LOW— CAUSES  OF  RAINFAil^— STORM 

TRACKS — FROSTS  IN  SPRING. 

The  weather  conditions  prevailing  in  April  indicate  a  transitional 
state  between  the  winter  and  summer  seasons,  with  the  winter  types  on 
the  whole  the  more  vigorous  still.    The  contrast  between  March  and 
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April  may  therefore  be  mentioued  in  order  to  explain  the  modification 
in  the  weather  now  Betting  in.  The  most  prominent  feature,  on  the 
whole,  is  the  drifting  of  the  Bocky  Mountain  high  pressure  to  the 
northeastward,  nearly  into  the  Lake  region,  and  the  supplying  its  place 
by  the  more  permanent  low  which  enters  that  region  from  the  south- 
west, intruding  northward  from  the  Gulf  of  California.  The  result  of 
this  change  is  to  transfer  the  discharge  of  the  cold  air  from  the  interior 
of  the  continent,  where  it  still  lingers  near  Hudson  Bay,  from  the 
western  to  the  eastern  side  of  the  Lakes.  Hence  sudden  outflows  of 
cold  winds  occasionally  advance  over  the  Middle  States  and  New 
England,  by  which  one  is  reminded  that  winter  has  not  yet  gone  from 
those  districts.  Usually  there  are  few  well-defined  symptoms  of  these 
invisible  highs  beyond  the  existence  of  two  lows,  one  near  New 
England  and  the  other  to  the  west  of  the  Lakes.  In  such  cases  it  is 
generally  the  effect  of  a  cold  area  of  high  pressure  developing  to  the 
northward  of  the  limits  of  the  territory  represented  by  the  weather 
map,  and  colder  weather  may  be  forecasted  from  the  lower  lakes  to  the 
Middle  Atlantic  and  New  England  coasts. 

In  contrast  with  these  cold  northwest  winds  of  the  east,  it  is  found 
that  strong  warm  winds  prevail  in  the  southern  and  Kocky  Mountain 
districts.  They  are  often  of  great  velocity  and  carry  immense  quanti- 
ties of  sand  and  dust  over  the  plains  to  the  northward.  These  may  be 
called  "  southers,'^  in  distinction  from  "  northers "  of  winter,  which 
prevail  in  Texas  and  Arkansas,  being  the  flow  of  very  cold  air  south- 
ward along  the  mountain  slope  as  a  high  advances  to  the  southeast. 
An  attendant  feature  of  the  south  wind  is  to  carry  the  isotherms  rapidly 
to  the  northeast,  from  Texas  to  the  Lakes,  causing  hot  weather  in  the 
Mississippi  and  Missouri  valleys,  often  in  unseasonable  severity.  This 
process  may  go  so  far  as  to  make  conditions  for  severe  local  storms, 
thunderstorms,  and  tornadoes  in  Missouri,  Iowa,  Illinois,  and  would  no 
doubt  do  so  more  frequently  if  the  air  were  sufficiently  charged  with 
moisture,  which  does  not  always  happen  at  this  time  in  the  spring. 

At  any  rate,  such  a  marked  interchange  of  cold  and  warm  winds  in 
the  central  valleys  is  an  important  part  of  the  April  weather,  and  it  is 
attended  by  rapid  and  wide  oscillations  of  the  barometer  in  these 
regions.  There  frequently  occur  great  depressions  of  the  barometer 
over  the  entire  mountain  plateau  and  slope,  sometimes  with  high  wind 
velocities,  sometimes  without  them,  even  though  steep  gradients  exist, 
in  which  there  may  be  but  little  precipitation.  This  is  probably  due  to 
the  fact  that  in  the  increase  of  the  general  heat  of  the  atmosphere  in 
the  middle  latitudes  the  capacity  of  the  air  for  greater  quantities  of 
moisture  is  increased,  while  there  is  also  a  corresponding  diminution 
in  the  size  of  the  cold  masses  that  may  be  projected  into  the  warm 
masses  in  order  to  produce  a  fall  of  rain.  Hence,  strong  gradients 
and  wind  do  not  necessarily  imply  much  rain,  and  such  storms  may 
move  to  the  Atlantic  coast  and  go  over,  as  it  were,  very  dry,  with  only 
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an  occasional  shower.  The  showers  of  April  may  be  simply  under- 
stood :  Instead  of  the  atmosphere  being  collected  into  great  sheets  of 
cold  and  warm  air,  which,  as  in  winter,  move  eastward  over  the  United 
States  in  a  succession  of  waves,  the  cold  and  the  warm  masses  become 
broken  up  into  smaller  portions  or  patches,  which  lie  interspersed  among 
each  other  in  an  irregular  way.  The  contact  of  such  masses  of  air  in 
smaller  bodies  tends  to  cause  local  showers,  and  this  condition  lasts 
for  a  month  or  two,  till  the  entire  northern  cap  becomes  warmed  up, 
when  summer  conditions  become  fully  established. 

It  may  be  not  uninteresting  to  note  the  three  ways  that  exist  in  the 
atmosphere  of  condensing  moisture  suspended  in  the  form  of  aqueous 
vapor  into  rain.  The  first  is  the  adiabatic  cooling,  which  consists  in 
the  cooling  of  the  air  by  expansion  when  it  rises  from  the  lower  to  the 
higher  strata,  by  which  the  cumulo-nimbus  and  nimbus  clouds  of  sum- 
mer are  chiefly  produced,  from  whose  bases  the  rain  falls.  The  second 
is  the  intimate  mixture  of  two  masses  of  air  having  different  quantities 
of  vapor  in  them,  but  it  has  been  shown  that  only  small  amounts  of 
rain  can  in  this  way  be  produced,  although  very  extensive  fogs  may 
be  formed.  The  third  is  by  far  the  most  important,  and,  although  in 
some  respects  a  complex  process,  it  may  be  called  direct  cooling  by  con- 
tact. One  of  the  most  important  physical  properties  of  air  at  dififerent 
temperatures  is  a  reluctance  to  mingle.  Such  masses  will  rather  flow 
alongside  each  other  in  distinct  strata,  like  oil  and  water,  with  contact 
on  the  surface.  The  effect  of  this  is  seen  in  many  of  the  cloud  forms 
that  spread  over  the  sky,  showing  exactly  where  the  currents  of  dif- 
ferent temperature  touch  each  other.  In  the  cyclonic  circulation  of 
the  atmosphere,  which  is  to  be  referred  primarily  to  the  counterflow 
of  currents  from  two  adjacent  high  areas,  there  is  a  powerful  force 
that  x>roduces  a  breaking  up  of  the  currents  into  shreds  of  air,  warm 
and  cold  in  quick  alternation,  in  the  interflow  especially  in  the  south- 
eastern quadrants  of  the  lows.  Here  the  direct  contact  in  the  air  of 
masses  having  moisture  in  suspension  with  the  cold  masses  that  are 
partially  dry  tends  to  form  rapid  condensation  and  hence  rainfall. 
The  operation  of  such  a  principle  extending  to  the  minute  portions  of 
the  air  will  cause  the  fall  of  the  moisture  as  rain,  and  thus  dry  the  air 
thoroughly.  Since  the  low  is  sustained  between  two  highs  and  drifts 
eastward  with  them,  this  process  of  direct  cooling  between  minute 
masses  of  air  is  going  on  continuously  in  the  eastern  quadrants  of  a 
storm  where  the  rain  falls,  and  the  passage  of  the  low  is  followed  by 
clearing  and  cool  weather  in  the  current  from  the  northwest  th«at  has 
not  yet  been  able  to  reach  any  moisture-laden  air.  Xo  doubt  all  these 
three  processes  are  at  work  more  or  less  simultaneously,  but  it  is  clear 
that  direct  cooling  is  tlie  most  efBcient  of  all  in  producing  ordinary 
rainfall  in  middle  latitudes. 

An  examination  of  the  storms  and  tracks  for  the  years  1884-1893 
shows  that  24  originated  in  the  Alberta  district,  23  on  the  North  Pacific 
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Chart  13— Storm  tracks  for  April. 
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coast,  8  on  the  northern  Bocky  Mountain  plateau,  13  in  Colorado,  13 
in  Texas,  10  in  the  east  Gulf  or  south  Atlantic  States,  a  total  of  91, 
9  per  year,  or  1  every  three  and  one-third  days.  The  Alberta  type 
shows  a  decided  eastward  movement  in  the  northern  circuit,  with  a 
moderate  looping  in  the  case  of  a  few  storms  into  the  Ohio  Valley, 
before  reaching  the  Gulf  of  St.  Lawrence.  A  high  area  usually  occu- 
pies the  central  valleys  when  this  type  of  storm  forms,  and  as  the  high 
drifts  northeastward  the  low  follows  behind  it.  The  movement  is 
somewhat  slower  than  in  March,  and  by  the  eud  of  the  month  at  least 
one  day  more  is  required  to  make  the  eastward  march.  The  North 
Pacific  coast  type  is  characterized  by  a  decided  southern  looping  over 
the  mountain  slope  to  Kansas  or  Missouri  before  recurving  to  the 
northeastward  over  the  Ohio  Valley  and  Lake  region.  In  this  case 
a  very  large  high  covers  the  mountain  slope  and  the  central  valleys^ 
and  there  is  a  possibility  of  the  high  moving  in  either  one  of  two  paths, 
which  is  quite  different  from  the  case  of  the  Alberta  type.  Either  the 
high  may  move  directly  northeast  to  the  Gulf  of  St.  Lawrence  or  else 
it  may  move  southeastward  to  the  Florida  peninsula.  In  the  former 
case  the  eastward  drift  of  the  upper  strata  of  air  seems  to  be  more  influ- 
ential, and  in  the  latter  it  is  the  tendency  of  the  air  to  settle  in  the  high- 
pressure  belt  of  the  Tropics  over  the  South  Atlantic  coast  that  appears 
to  have  dominated.  In  the  first  instance  the  low  may  move  much  more 
directly  eastward  from  the  Pacific  coast,  and  in  the  second  it  advances 
far  southward  and  then  recurves  along  the  northern  border  of  the 
high  as  it  continues  to  discharge  through  the  low.  This  type  of  low  in 
April  takes  about  five  days  to  reach  the  Gulf  of  St.  Lawrence  j  in  case 
the  storm  moves  to  the  Lower  Mississippi  Valley,  it  may  dissipate  neai- 
the  Gulf  of  Mexico  on  about  the  fourth  day.  The  Colorado  type  shows 
little  tendency  to  settle  farther  southward,  but  these  storms  advance 
directly  northeast  in  rather  a  wide  track,  either  to  the  middle  Atlantic 
coast  or  to  the  lower  Lake  region,  over  the  Ohio  Valley.  In  this  case, 
also,  the  high  shows  the  same  uncertain  impulse  to  move  either  north- 
ward or  southward  along  the  Atlantic  coast,  as  in  the  Pacific  coast 
type.  These  storms  also  move  slowly,  and  in  many  instances  they 
take  five  days  to  reach  the  Gulf  of  St.  Lawrence.  A  few  of  them  like- 
wise dissipate  near  the  mouth  of  the  Mississippi  Biver. 

The  Texas  type  may  perhaps  be  subdivided  into  two  groups  of  storms, 
those  originating  in  western  Texas  and  moving  northeastward  on  the 
inside  track  west  of  the  Alleghany  Mountains,  and  those  which  form  near 
the  west  Gulf  coast  and  move  eastward  to  the  coast  on  the  outside  track 
east  of  the  mountains  or  along  the  coast  line.  These  storms  generally 
form  with  a  high  in  the  Lake  region,  or  to  the  northeastward,  and  they 
usually  advance  rapidly  to  the  Gulf  of  St.  Lawrence,  reaching  that 
region  in  about  three  days.  The  South  Atlantic  type  occurs  with  a  high 
on  the  Rocky  Mountain  slope,  heaviest  in  the  southwestern  districts, 
and  the  storm  advances  rapidly  along  the  coast  line  to  the  north.  It 
also  happens  sometimes  that  another  low  of  the  Alberta  type  is  advancing 
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eastward,  and  the  conditions  are  then  favorable  for  diverting  this  low 
from  the  St.  Lawrence  Valley  track  southward  over  the  Middle  States  to 
New  England.  Thus  these  two  independent  storms  may  unite  in  the 
neighborhood  of  New  York  City,  and  in  that  event  severe  winds  and 
rain  may  develop  on  the  North  Atlantic  coast.  Sometimes  such  a 
storm  instead  of  moving  oft'  to  sea  holds  nearly  the  same  position  for 
several  days,  with  a  cold  northeast  wind  and  rain  that  causes  very 
disagreeable  weather  in  the  New  England  States.  In  all  cases  the 
variation  of  rapidity  of  the  eastward  movement  is  the  chief  source  of 
the  perplexity  in  forecasting.  It  may  be  laid  down  as  a  rule  that  no 
inference  can  be  drawn  from  the  previous  cases  regarding  the  storm 
under  consideration.  It  must  be  treated  on  its  own  merits,  from  a 
knowledge  of  the  total  conditions  then  existing. 

One  of  the  important  duties  of  the  Weather  Bureau  is  to  furnish 
warnings  of  frost  and  other  conditions  injurious  to  growing  crops,  and 
as  the  frost  line  moves  south  in  the  autumn  and  north  in  the  spring 
over  the  United  States,  great  care  has  to  be  exercised  with  these  warn- 
ings, in  the  autumn  for  harvesting  and  in  the  spring  for  protecting  the 
young  plants.  Therefore,  the  following  districts  are  attended  to  in  the 
course  of  the  year :  The  tropical  fruit  districts,  the  sugar  and  sorghum 
districts,  the  cotton  region,  the  rice  districts,  the  vegetable  and  fruit 
districts,  the  stock-raising  districts,  the  cranberry  districts,  and  the 
tobacco  districts.  For  cranbeiTies  the  forecasts  are  made  from  May  1 
to  November  1;  for  sugar,  from  October  1  to  April  1;  for  tobacco,  from 
September  1  to  November  1  ,•  for  fruit  and  vegetables,  from  September  1 
to  June  1 ;  for  cotton,  until  the  cotton  is  gathered  or  freezing  weather 
occurs.  The  time  for  which  the  frost  warning  is  sent  to  the  difterent 
States  is  approximately  as  follows:  All  the  year  to  east  Florida,  west 
Florida,  southern  Mississippi,  southern  Louisiana,  and  southern  Texas; 
after  February  15  the  frost  warning  line  is  through  the  central  part  of 
South  Carolina,  Alabama,  Mississippi,  Texas,  and  all  of  Louisiana; 
after  March  1  it  includes  North  Carolina,  Kentucky,  Tennessee,  south- 
em  Indiana,  southern  Illinois,  Missouri,  and  Arkansas;  after  April  1 
it  is  as  far  north  as  New  York,  lower  Michigan,  Wisconsin,  Minnesota, 
and  South  Dakota.  In  the  autumn  the  line  advances  southward  in 
almost  similar  proportions.  Frosts  and  freezing  weather  can  usually 
be  predicted  twenty-four  hours  in  advance,  and  in  spite  of  the  fact  that 
failures  sometimes  happen,  generally  in  the  nonoccurrence  of  frosts 
expected,  there  is  no  doubt  that  all  farmers  who  follow  the  warnings  of 
the  Weather  Bureau  carefully  and  protect  their  plants  will  save  more 
than  their  neighbors  who  do  not  use  the  forecasts. 

MAY. 

STORM  TRACKS. 

A  description  of  the  weather  conditions  for  May  must  necessarily  re- 
semble closely  that  already  given  for  April.  The  transition  from- winter 
to  summer  is,  however^  much  advanced,  and  the  frost  line  disappears 
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Chart  14. — Storm  tracks  for  May. 
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from  the  Northern  States  about  the  end  of  the  month.  The  tendency 
to  form  low  areas  in  the  Rocky  Mountain  region,  sometimes  quite  free 
from  precipitation,  is  increased,  the  sporadic  character  of  the  rains  is 
pronounced,  the  eastward  drift  is  much  slower,  the  storm  tracks  seek 
more  closely  the  northern  circuit,  and  generally  a  flatter  system  of 
weather  types  prevails.  A  count  of  the  number  of  storm  tracks  in 
May  for  the  years  1884  to  1893,  inclusive,  shows  that  36  originated  in 
the  Alberta  district,  11  on  the  iN^orth  Pacific  coast,  8  on  the  northern 
Rocky  Mountain  x)lateau,  10  in  Colorado,  5  in  Texas,  3  in  the  east  Gulf 
States,  10  in  the  central  valleys,  6  on  the  South  Pacific  coast,  and 
2  in  the  West  Indies.  The  tracks  pursue  the  same  general  course  to 
the  Gulf  of  St.  Lawrence,  only  with  much  less  looping  southward  on 
the  Rocky  Mountain  slope. 

JUNE. 
LOCAL  WEATHEIl   CONDITIONS. 

The  entire  weather  system  of  the  United  States  has  fallen  in  intensity 
by  the  month  of  June  to  the  flat  and  stagnant  state  that  characterizes 
the  summer  months.  In  accordance  with  the  prevailing  continental  con- 
ditions, the  interior  is  overheated  relatively  to  the  coast  districts,  and 
therefore  low  areas  prevail  in  the  central  valleys,  especially  in  the 
Rocky  Mountain  slope,  while  the  highs  tend  to  dominate  the  coast  dis- 
tricts. The  violent  expulsion  of  high  areas  of  cold,  dry  air  from  the 
interior  to  the  coast  in  the  northern  and  the  southern  circuits  has  sub- 
sided into  the  occasional  highs  that  drift  slowly  across  the  country, 
bringing  showers  and  cool  weather  with  them.  The  heavy,  overcast 
skies  of  April  and  May,  with  rainy  weather,  have  changed  into  local 
showers,  thunderstorms,  and  tornadoes,  all  the  products  of  a  vertical 
rather  than  a  horizontal  circulation  of  air.  In  the  winter  and  spring 
the  precipitation  is  confined  closely  to  the  periphery  of  the  highs,  but 
in  the  summer  the  showers  are  very  likely  to  occur  within  the  high 
areas  as  well. 

The  storm  tracks  are  now  much  more  simple,  being  confined  to  the 
northern  circuit  and  the  feeders  that  come  from  the  south  and  south- 
west. The  looping  downward  to  the  south  along  the  mountain  slope 
has  almost  ceased  to  be  important.  Many  storm  tracks,  instead  of 
persisting  to  the  Gulf  of  St.  Lawrence,  die  out  in  the  middle  districts 
and  curl  about  in  an  erratic,  feeble  manner.  A  count  of  the  storms  in 
ten  years  shows  that  24  began  in  Alberta  and  the  Saskatchewan  Valley, 
7  on  the  North  Pacific  coast,  20  on  the  northern  Rocky  Mountain 
plateau,  14  in  Colorado,  4  in  Texas,  4  in  the  east  Gulf  States  or  near 
the  South  Atlantic  coast,  3  in  the  central  valleys,  and  4  on  the  South 
Pacific  coast.  The  great  majority  begin  on  the  eastern  edge  of  the 
Rocky  Mountains,  showing  that  this  elevated  range  has  much  to  do 
with  throwing  the  eastward  drift  of  the  upper  current  into  these 
cyclonic  whirls. 

The  tornadoes  of  June  occur  chiefly  in  the  Mississippi  and  lower 
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Chart  15.— Storm  tracks  for  June. 
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Missouri  valleys,  where  the  humidity  is  high,  the  temperature  exces- 
sive, and  the  conditions  for  local  vertical  circulation  greatly  increased. 
Thunderstorms  are  spread  over  the  mountain  slope,  but  especially  in 
the  Mississippi  and  Ohio  valleys,  and  the  northeastern  districts.  This 
indicates  that  the  colder  air  derived  from  the  northern  circulation  has 
much  to  do  with  this  form  of  precipitation  and  sudden  downflow  of 
cold  air  from  the  upper  strata  of  the  air. 

JULY. 

STORM  TRACKS    AND  WEATHER    CONDITIONS — FORMATION  AND   CHARACTERISTICS  OF 

TORNADOES. 

A  count  of  the  storms  of  July  originating  in  the  several  districts  of 
the  United  States  shows  that  they  reach  their  maximum  number  in 
Alberta,  that  is,  in  the  midst  of  the  great  storm  track,  and  that  the  rest 
are  scattered  about  in  a  very  irregular  manner,  indicating  that  there  is 
no  strong  prevailing  impulse  to  control  their  formation.  Thus  we  find 
in  a  ten-year  period  41  in  Alberta,  4  on  the  northern  Bocky  Mountain 
plateau,  8  in  Colorado,  1  on  the  North  Pacific  coast,  6  on  the  South 
Pacific  coast,  2  in  the  South  Atlantic  and  East  Gulf  States,  3  in  the 
West  Indies,  and  17  in  the  central  valleys  and  the  Lake  regions. 

Only  a  few  storms  survive  long  enough  to  pass  across  the  United 
States.  Those  originating  on  the  Pacific  coast  are  likely  to  dissipate 
in  the  central  valleys,  and  some  forming  east  of  the  mountains  on  the 
sloi>e  are  liable  to  disappear  near  the  Lakes ;  those,  however,  which  com- 
mence in  the  central  valleys  will  probably  reach  the  North  Atlantic 
coast  or  the  Gulf  of  St.  Lawrence.  All  these  features  point  to  local 
and  minor  weather  features,  which  indeed  characterize  the  month  of 
July,  being  in  the  midst  of  summer. 

At  this  time,  when  the  warm  weather  is  at  its  maximum,  the  conti- 
nental conditions  are  most  fully  developed.  The  interior  of  the  conn- 
try  is  heatedy  the  ocean  districts  are  comparatively  cool;  The  great 
Atlantic  high  area,  produced  by  the  general  circulation,  protrudes  upon 
the  southeastern  districts;  in  the  same  way  the  Pacific  high  overlays 
the  northwestern  districts  of  the  mountains.  Hence,  between  these  in 
the  Mississippi  and  Missouri  valleys,  there  is  a  region  of  encounter  for 
the  southern  winds  produced  by  the  Atlantic  high  and  for  the  northern 
winds  maintained  by  the  Pacific  high.  The  southern  winds  are  warm 
and  charged  with  aqueous  vapor;  the  northern  winds  are  cool  and 
comparatively  dry.  The  meeting  of  these  two  types  of  winds  in  the 
central  valleys,  the  same  conditions  also  extending  along  the  Ohio 
Valley  to  the  lower  Lakes,  is  attended  by  two  or  three  typical  local 
effects.  In  the  first  place,  there  are  calms  at  intervals,  local  pools  of 
stagnant  atmosphere,  into  which  these  opposing  currents  have  not  pene- 
trated; in  the  second  place,  the  intense  radiation  of  the  sun  superheats 
the  strata  of  air  near  the  ground  and  causes  relatively  unstable  equi- 
librianii  with  its  tendency  to  overturn  the  strata  in  a  vertical  direction; 
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Chart  i6. — Storm  tracks  for  July. 
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in  the  third  place,  the  cool  currents  from  the  north,  borne  aloft  in  the 
general  eastward  drift,  tend  at  times  to  overlay  this  stagnant  atmos- 
phere in  the  ground  stratum  and  to  increase  the  unstable  equilibrium. 

These  are  the  conditions  that  always  favor  the  formation  of  local 
storms,  tornadoes,  thunderstorms,  and  showers,  in  which  precipitation 
generally  occurs  during  the  summer.  Masses  of  air  of  different  tem- 
peratures in  the  great  north  and  soutli  currents  may  thus  approach  a 
stagnant  and  calm  region,  such  as  the  later  hours  of  the  afternoon 
develop,  the  increase  of  cloudiness  being  merely  a  symptom  of  the 
existence  of  rising  and  cooling  currents  which  portend  a  storm,  and 
finally  set  the  entire  mass  into  a  mixed  congested  circulation.  The 
cold  air  comes  down  and  the  warm  air  rises,  but  they  both  resist  mix- 
ing intimately.  Rather  they  tend  to  be  drawn  out  into  long  bands  or 
ribbons  before  such  mixing  is  accomplished,  and  these  are  the  condi- 
tions for  local  showers.  When  the  condensation  is  rapid  in  the  strata 
a  mile  high,  the  formation  of  thunderstorms  with  electric  discharges 
is  accomplished.  In  certain  peculiar  formations  of  the  circulation  a 
tornado  tube  is  projected  downward.  This  is  a  simple  vortex,  and  obeys 
the  laws  of  the  movements  of  fluids  in  gyratory  circulation.  If  a  mass  of 
air  G,000  feet  in  diameter  is  rotating  at  a  half  mile  level  and  it  runs 
into  a  vortex  so  that  the  tube  is  100  feet  in  diameter,  and  supposing 
the  outer  edge  of  the  upper  vortex  makes  7  miles  an  hour,  then  at  the 
rim  of  the  bottom  of  the  vortex  we  should  have  a  velocity  of  200  miles 
an  hour.  This  causes  an  enormous  centrifugal  force  in  the  lower  tube, 
a  high  vacuum,  and  low  temperature.  It  is  maintained  only  by  a  for- 
ward movement  of  the  entire  vortex  system.  The  vacuum  tube  causes 
the  explosive  and  disastrous  effects  upon  objects  in  its  path,  as  noted 
in  the  tornado  incidents,  the  wind  at  great  velocity  prostrates  every 
obstacle,  the  cold  generates  the  sheath  of  vapor  that  makes  the  tube 
visible  like  a  thin  skin,  the  same  sudden  condensation  causes  electric 
discharges,  just  as  in  thunderstorms  on  a  large  scale.  There  is  no  real 
mystery  about  the  formation  of  tornadoes  or  respecting  their  terribly 
destructive  power.  It  all  goes  back  to  the  same  principle  that  dis- 
charges a  gun,  in  which  case  there  is  a  sadden  fortnation  and  expan- 
sion of  gas;  but  in  the  tornado  it  is  the  reverse  process,  namely  the 
sudden  production  of  a  vacuum  into  which  outside  air  discharges  itself, 
that  is,  into  the  hollow  vortex  tube,  and  with  the  other  result  of 
quickly  cooling  the  heated  air  drawn  into  the  tornado  vortex. 

There  is  no  available  way  of  avoiding  the  occurrence  of  tornadoes 
in  the  weather  conditions  favorable  for  them.  The  tubes  resist  an 
explosive  discharge  in  the  air  outside  it,  these  having  often  been  fired 
upon  by  cannon  at  sea.  They  sweep  through  a  forest  as  readily  as 
through  a  city.  There  seems  to  be  no  increase  in  the  annual  number 
of  them.  Some  have  sought  to  connect  their  recurrence  with  the  sun 
spot  frequencies,  and  it  is  possible  that  there  is  some  indirect  connec- 
tion, just  as  in  all  the  other  weather  elements,  but  only  through  the 
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features  of  the  general  weather  circulation.  If  this  is  stagnant  over 
large  regions,  then  the  tornado  conditions  will  most  readily  develop. 
At  present  they  can  only  be  roughly  forecasted  as  "conditions  favor- 
able for  local  storms."  It  may  result  from  a  better  knowledge  of  the 
relations  of  local  conditions  to  general  circulation  that  improved  fore- 
casts may  yet  become  possible,  but  this  can  be  the  product  only  of 
very  extensive  research  and  investigation. 

The  excessively  hot  spells  of  weather  that  cover  the  Atlantic  States 
during  certain  intervals  are  attended  by  a  high  area  on  the  South 
Atlantic  coast,  being  a  portion  of  the  great  subtropical  high.  Aside 
from  the  transportation  of  warm  air  from  southern  to  northern  lati- 
tudes, there  must  be  a  downpouring  of  dry,  hot  air  in  the  high  itself^ 
due  to  the  excessive  "potential"  temperature  of  the  upper  strata. 
How  these  layers  become  overheated  is  a  question  to  be  solved  by  a 
study  of  the  general  circulation  of  the  air. 

A  summary  of  the  number  of  storms  developing  in  the  several 
regions,  marked  off  by  the  natural  physical  features  of  the  United 
States  as  recorded  in  this  bulletin  is  appended,  and  a  glance  at  it  will 
enable  one  to  recall  many  of  the  statements  that  have  been  introduced 
regarding  the  weather  of  the  several  months. 


Summary  of  the  local  origin  of  storms  hy  districts  for  the  ten  years  1884-1893. 
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WEATHER  C01YDITI0N8  AT  WASHINGTON,  D.  C,  FOR  THE  TWENT7- 

SIX  TEARS  1871-1896. 

It  is  important  to  compare  the  relations  of  the  meteorological  ele- 
ments at  each  station,  as  these  vary  in  the  seasons  and  from  year  to 
year.  A  condensed  statement  for  Washington,  D.  0.,  covering  the 
period  1871-1896  is  given  as  an  illustration  of  the  kind  of  extremes 
and  differences  that  may  be  expected  at  this  place. 
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Statement  of  averages,  etc,  at  Washington,  D,  C,  far  the  twenty-six  years  1871-1896. 


Weather  conditions. 
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a  Trace. 


CIRCT7I.ATION  OF  THB  ATMOSPHBRE  IN  THE  I7PPBR  LEVELS— THE 

INTERNATIONAL  CLOUD  OBSERVATIONS. 

In  these  papers  much  has  been  written  about  the  cyclonic  circulation 
at  the  surface  of  the  ground,  but  the  subject  would  be  very  incom- 
plete without  alluding  to  the  efforts  that  are  being  made  to  deter- 
mine the  circulation  of  the  upper  atmosphere  all  over  the  globe. 
Theoretical  solutions,  to  some  extent  confirmed  by  observations,  have 
been  given,  and  yet  the  true  connection  between  the  general  and  the 
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cyclonic  circulation  has  not  been  properly  cleared  up  and  tested  by 
exi)erience.  So  far  as  the  general  movements  are  concerned,  the  com- 
ponents are  somewhat  as  follows  in  the  northern  hemisphere,  those 
south  of  the  equator  being  counterparts;  along  the  meridian  from 
latitude  24^  to  the  equator  the  component  is  south,  to  the  pole  it  is 
north;  in  middle  latitudes,  where  the  extra  tropical  cyclones  prevail, 
there  is  a  southern  component  in  the  middle  cloud  strata,  and  two 
northern  components,  one  near  the  ground  and  one  in  the  cirrus  strata. 
Along  the  parallels  of  latitude  there  are  two  systems  of  components; 
from  Qo  to  35^  latitude  a  westerly  component  at  the  surface,  and  ati 
easterly  in  the  higher  layers;  from  35°  to  90°  latitude  two  easterly 
components,  making  a  maximum  and  rapid  eastward  drift  in  the  neigh- 
borhood of  540.  In  the  vertical,  from  Qo  to  20°  and  from  70o  to  90o 
latitude,  there  is  an  upward  component;  from  20^  to  70°  latitude  a  down- 
ward component.  The  cyclonic  and  the  anticyclonic  motions  to  some 
extent  spring  out  of  these,  but  the  really  active  i)art  of  them  is  con- 
fined to  the  strata  within  2  miles  of  the  ground,  and  yet  the  precise 
course  of  the  stream  lines  is  not  comprehended  throughout  their  extent. 

Much  light  has  been  thrown  upon  the  obscure  features  of  these  i)rob- 
lems  by  observation  at  high  altitudes,  and  especially  by  measni*ements 
of  cloud  heights  and  velocities,  but  still  much  remains  to  be  done  to 
reach  satisfactory  conclusions.  It  is  thought  that  some  account  of 
these  international  cloud  observations,  and  a  reference  to  the  im|x>rtant 
literature  regarding  them,  may  be  of  interest  to  those  who  have  these 
subjects  at  heart,  especially  those  who  are  cooperating  in  the  work  of 
the  Weather  Bureau. 

The  attention  of  meteorologists  in  the  early  developments  of  the  sub- 
ject were  naturally  almost  exclusively  confined  to  studies  on  the  data 
furnished  by  the  lowest  stratum  of  the  atmosphere.  The  circulation 
and  physical  conditions  of  the  air  in  the  higher  strata  were  investi- 
gated to  some  extent  by  means  of  the  theoretical  considerations  and 
the  general  movements  of  clouds.  It  has,  however,  become  ax)parent 
that  a  scientific  knowledge  of  the  action  of  the  currents  in  cyclones 
and  anticyclones  can  be  obtained  only  by  a  determined  attack  upon 
the  physics  of  the  upper  levels  of  the  atmosphere.  Progress  in  meteor- 
ology, working  along  the  original  lines  at  the  surface  of  the  ground, 
has  for  a  number  of  years  been  disappointing,  and  it  is  well  known 
that  in  the  art  of  forecasting  almost  exactly  the  same  methods  that 
were  perfected  twenty  years  ago  are  still  employed.  There  seems  to 
be  little  hope  of  improving  this  state  of  affairs  unless  a  radically  new 
way  of  dealing  with  the  data  can  be  devised  which  will  efficiently 
supplement  the  system  now  in  use. 

The  Chief  of  the  Weather  Bureau  has  exi)ressed  the  opinion  that 
there  are  two  or  three  lines  of  investigation  promising  the  wished-for 
results.  One  is  the  practical  development  of  knowledge  regarding  the 
polar  magnetic  energy  from  the  sun.  The  serious  difficulty  in  the 
way  of  doing  this  has  been  the  expensive  and  complicated  nature  of 
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first-class  magnetic  observatories,  which  must  necessarily  limit  tlie 
number  in  the  United  States.  What  we  need  is  a  simple,  inexpensive, 
and  yet  reliable  instrument,  that  can  be  utilized  as  readily  as  a 
barometer,  thermometer,  or  a  watch.  It  seems  now,  after  a  couple  of 
years  of  trial,  that  such  an  apparatus  is  in  hand,  and  a  record  of  its 
I>erformance  was  published,  with  a  description  of  it,  beginning  in  the 
January  number  of  the  Weather  Review  for  1896. 

Another  process  for  getting  at  the  action  of  the  upper  air  is  the 
transportation  of  barometers,  thermometers,  and  other  apparatus  into 
the  higher  levels.  This  can  evidently  be  done  by  mountain  stations, 
balloons,  and  kites,  and  experiments  are  being  conducted  by  the 
Weather  Bureau  to  carry  out  this  purpose  as  far  as  i)racticable. 

A  third  line  of  investigation  is  the  study  of  the  clouds  in  all  their 
aspects;  the  conditions  under  which  the  several  forms  are  developed; 
the  heights  of  the  several  levels,  the  variations  of  the  same  in  the 
diurnal  and  annual  periods,  and  particularly  in  connection  with  the 
cyclonic  circulation  of  the  lower  strata;  the  direction  and  velocity  of 
movement  in  the  general  circulation  of  the  currents  of  the  atmosphere 
as  well  as  around  the  barometric  maxima  and  minima.  The  fact  that 
clouds  are  present  almost  every  day  in  a  series  of  forms  which  pass 
from  one  to  the  other  by  delicate  gradations,  ekch  of  which  must  indicate 
specific  physical  properties,  shows  that  this  is  a  very  rich  field  of 
research  which  has  been  only  imperfectly  cultivated.  Many  interesting 
conclusions  have  been  developeil  by  observers  of  such  phenomena  in 
the  past  fifteen  years,  but  only  during  the  last  five  years  has  the  con- 
viction become  general  that  this  is  one  of  the  most  important  studies 
for  the  practical  meteorologist. 

With  the  view  of  reducing  the  details  to  uniformity  of  method  and 
to  secure  cooperation  among  the  observers  in  different  countries,  an 
organization  has  been  completed  which  went  into  effect  last  spring. 
A  brief  history  of  the  movement  is  as  follows :  The  measurement  of 
cloud  heights  is  an  old  problem,  and  many  devices  have  been  invented 
for  the  solution  of  the  practical  difficulties,  of  which  a  full  account 
may  be  found  in  the  Report  of  the  Chief  Signal  Officer,  part  2,  1887, 
by  Prof.  Cleveland  Abbe.  More  or  less  systematic  observations,  extend- 
ing over  considerable  i)eriods  of  time,  have  been  made  at  Berlin,  Upsala, 

Btorlien,  Kew,  and  Blue  Hill  (Mass.),  by  methods  depending  upon  trian- 
gulation.  Besides  the  simple  trigonometric  formuhx*,  another  system 
for  computing  the  shortest  distance  between  the  two  sight  lines,  devised 
by  Ekholm  and  Hagstrom,  Tpsala,  also  a  process  for  reducing  the 
points  on  a  photograph  i)late  exposed  in  a  pbotograni meter  by  Aker- 
blom,  Upsala,  have  been  successfully  used  and  are  recommended  as 
the  best  known. 
The  following  are  the  leading  papers  on  cloud  observations: 

1.  Mesurefl  des  liauteiir8  et  des  moiiveinentH  dos  iiuugeH,  pur  N.  Kkholm  et  K.  L. 
Hafi^truin,  Tpsaln,  1881. 
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2.  Des  Principales  m^thodes  employees  pour  observer  et  mennrer  les  niiages,  par 
HildebrandHson  et  Hagstrom,  Upsala,  1893. 

3.  De  reraploi  des  pliotogramm^tres   pour  mesurer  la  hauteur  des  uuages,  par 
Akerblom,  Upsala,  1894. 

4.  Observations  made  at  the  Blue  Hill  Meteorological  Observatory,  Annals  Har- 
vard College,  Vol.  XXX,  Part  III,  by  H.  H.  Clayton  and  P.  S.  Fergusson,  1892. 

At  the  iutemational  conference,  Munich,  1891,  a  committee  was 
appointed  to  consider  the  question  of  concerted  observations  on  the 
direction  of  motion  and  the  height  of  clouds.  This  committee  recom- 
mended that  observations  on  the  direction  of  motion  and  the  height  of 
clouds  should  be  commenced  at  certain  stations  distributed  over  the 
globe,  and  continued  for  one  year;  that  short  instructions  be  prepared 
for  these  observations;  that  the  scheme  of  cloud  classification  put 
forth  by  MM.  Hildebrandsson  and  Abercromby  be  adopted,  and  a 
cloud  atlas  illustrative  thereof  be  published. 

As  the  result  of  these  propositions,  the  cooperative  international 
cloud  observations  began  May  1, 189G,  and  will  continue  one  year.  As 
far  as  known,  the  theodolite  method  will  be  employed  at  Washington, 
D.  C,  Blue  Hill,  Mass.,  and  Ghristiania;  the  photogrammeter  method 
at  Upsala,  Paris,  Potsdam,  St.  Petersburg,  Nijni  Novgorod,  Manila, 
Batavia,  Melbourne,  and  probably  Kew,  Calcutta,  and  Sydney.  The 
difficulty  in  cloud  observations  is  to  have  two  observers,  separated  by  a 
base  line  nearly  1  mile,  long,  set  their  sight  lines  on  exactly  the  same 
point  of  ti  rapidly  moving  and  dissolving  cloud.  The  advantages  of 
the  theodolities  is  that  the  instruments  are  cheaper,  many  more  obser- 
vations can  be  taken  with  the  same  labor,  and  the  calculations  are  the 
briefest  possible  by  any  method.  The  observations  that  must  be 
rejected  at  the  outset  can  be  determined  by  a  small  platting  machine, 
being  a  model  of  the  real  base  line  and  instruments,  such  as  the  one 
invented  by  H.  II.  Clayton,  at  Blue  Hill,  Photographs,  on  the  other 
hand,  i>os8ess  the  advantages  of  giving  definitely  the  i)oint  on  the 
cloud,  but  the  difficulty  of  securing  photographs  of  all  kinds  of  clouds 
in  all  weather  is  very  great  and  the  cost  of  the  work  much  more  for 
the  same  number  of  Individual  observations.  The  international  classi- 
fication of  cloud  forms  being  issued,  it  was  adopted  by  the  Weather 
Bureau.    It  went  into  operation  July  1,  1896,  throughout  the  service, 

and  suitable  instructions  and  illustrative  forms  were  prepared  for  the 
observers.  The  atlas  of  cloud  forms  issued  by  the  international  con- 
ference committee  is  now  ready  for  distribution,  and  may  be  purchased 
of  M.  Teisserence  de  Bort,  Bureau  Central  Met^orologique,  176  rue  de 
PUniversit^,  Paris,  France. 

Besides  the  observations  with  theodolites  and  photogrammeters  for 
the  actual  heights  and  velocity  of  motion  of  clouds  at  the  primary  sta- 
tions, a  number  of  secondary  stations  for  the  relative  motions  and  the 
other  available  data  will  be  established  in  each  country.  In  the  United 
States  there  will  be  twelve  such  stations  under  the  immediate  control 
of  the  Weather  Bureau,  equi])()ed  with  nephoscopes  for  the  observa- 
tions. It  is  very  desirable  that  the  network  of  the  stations  be  made 
as  complete  as  possible  in  all  parts  of  the  country,  and  it  is  hoped  that 
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this  opportunity  for  cooperation  may  be  embraced  by  other  persons 
willing  to  do  some  valuable  scientific  work.  The  colleges  might  profit- 
ably instruct  their  students  in  such  observations  at  a  very  moderate 
expense.  A  first-class  nephoscope  can  be  made  for  $20,  and  service- 
able ones  at  lower  rates.  The  observations  would  require  half  an  hour's 
work  three  times  a  day,  between  8  and  9  a.  m.,  1  and  2  p.  m.,  and  5  and 
6  p.  m.  The  Weather  Bureau  will  furnish  suitable  instructions  to 
observers,  and  will  aid  them  as  far  as  possible  in  explaining  the  very 
simple  computations  that  would  be  needed  to  prepare  the  observations 
for  final  discussion. 

There  are  many  forms  of  nephoscopes  in  use,  but  the  one  devised  by 
Professor  Marvin,  of  the  Weather  Bureau,  seems  to  be  especially  well 
adapted  to  the  requirements.  A  description  of  it  appeared  in  the  Jan- 
uary, 1896,  number  of  the  Weather  Keview.  It  may  be  said  in  this 
Xilace  that  its  best  feature  is  the  device  for  keeping  the  sighting  knob 
exactly  12  centimeters  above  the  mirror  in  every  i)ossible  position, 
so  that  the  unit  of  height  becomes  1,000  meters,  and  the  velocity  in 
meters  per  second  at  that  height  is  just  one-third  the  number  of  milli- 
meters passed  over  by  the  image  in  25  seconds.  This  makes  the  com- 
putations very  easy,  and  when  the  height  of  the  cloud  level  is  known 
from  the  theodolite  work  the  actual  velocity  is  obtained  by  simply 
identifying  the  cloud  observed  from  its  form  as  belonging  to  such  a 
level.  The  mean  of  a  large  number  of  observations  gives  a  tnie  veloc- 
ity. The  base  line  at  Washington  is  about  1,360  meters  long,  one  end 
on  the  Weather  Bureau  building  and  the  other  on  the  War,  State  and 
Navy  building.  The  ratios  of  velocity  by  the  theodolites  and  nepho- 
scopes at  this  station  in  the  diflferent  cloud  levels  give  the  means  of 
using  other  nephoscope  observations,  provided  the  naming  of  the  cloud 
forms  is  carefnlly  done. 

The  ultimate  problem  is  to  obtain  the  coordinate  velocities  of  the 
several  comi)onents  in  the  general  circulation  and  the  relation  that 
these  have  to  the  cyclonic  circulations  which  depend  upon  them.  The 
importance  of  these  solutions  to  the  art  of  forecasting,  and  the  fact 
that  voluntary  observations  made  in  widely  sej)arated  parts  of  the 
United  States  are  needed  as  contributions  to  the  network,  together 
with  the  simplicity  that  jjertains  to  nephoscope  work,  induces  the  hope 
that  some  interested  in  the  physics  of  the  air  may  take  up  the  task  of 
coox)eration. 

DESCRIPTION  OF  THE  SOLAR  MAGNETIC  PERIOD  OF  26.68  DATS 
AND  ITS  RELATION  TO  THE  FORMATION  OF  STORMS  IN  THE 
NORTETWUST— DEFINITIONS  OF  THE  TERRESTRIAL  MAGNETIC 
ELEMENTS— SOLAR  MAGNETISM  AND  ITS  CONNECTION  WITH 


A  careful  study  of  the  succession  of  the  highs  and  lows  in  the  north- 
west has  revealed  the  fact  that  there  is  a  peculiar  curve  whicii  they 
try  to  follow  in  their  intensity,  and  that  they  tend  to  rej)eat  the  same- 
curve  every  26.68  days.    This  curve  has  a  grand  sweep  with  two  maxima 
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and  two  minima  in  it,  and  t<en  minor  crests  spread  along  it  in  quite  a 
symmetrical  manner.  The  next  striking  peculiarity  of  the  eastward 
drift  is  that  the  succession  of  the  highs  and  lows  is  along  this  curve  in 
one  position,  and  then  along  the  same  curve  when  it  is  inverted  or 
turned  over.  This  inversion  is  found  to  occur  at  uncertain  intervals, 
and  yet  in  such  a  way  as  to  be  certainly  connected  with  the  motion  of 
the  earth  about  the  sun. 

These  considerations  x>oint  to  some  kind  of  energy  that  comes  from 
outside  the  earth,  falls  upon  the  whole  hemisphere,  and  is  associated 
with  the  snn^s  action.  Finally,  when  the  great  preponderance  in  the 
number  of  storms  in  North  America  over  the  corresponding  localities 
in  Asia  in  the  middle  of  the  continent  is  considered — ^the  number  iu 
America  being  about  ten  times  as  great  as  in  Asia — it  is  necessary  to 
look  for  some  cause  that  accounts  for  this  dift'erence.  The  preponder- 
ance of  storms  in  Xorth  America,  the  inversion  of  the  order  of  their 
production,  the  alternate  hastening  and  slowing  up  of  the  eastward 
drift,  are  facts  of  profound  meaning  in  seeking  the  fundamental  laws 
regarding  the  origin  of  storms. 

A  study  of  the  variation  s  of  the  magnetic  field  of  the  earth  has  brought 
out  a  new  series  of  facts  that  seem  to  be  very  closely  connected  with 
those  just  mentioned.'  It  is  shown  that  a  field  of  force  is  impressed 
upon  the  earth  in  directions  that  nearly  coincide  with  the  magnetic 
meridians.  When  this  force  increases,  an  impulse  is  propagated  from 
the  north  to  the  south,  and  in  case  of  unusal  disturbance  the  magnetic 
and  electric  field  of  the  earth  suffers  ])erturbations  or  storms  that  show 
themselves  in  an  outburst  of  beautiful  auroral  light  or  in  the  electric 
earth  currents  that  temporarily  impede  telegraphic  communication. 

An  examination  of  the  places  of  the  relative  frequency  of  the  auroras 
shows  that  there  is  a  maximum  belt  running  from  Alaska  over  the 
southern  portion  of  the  Canadian  possessions,  near  the  lower  end  of 
Hudson  Bay,  over  Labrador,  thence  to  the  north  of  2^orway,  Sweden, 
Siberia,  till  the  circuit  is  completed.  In  shape  it  is  a  rude  oval, 
embracing  the  geographical  pole  and  the  magnetic  iK)le,  which  is  located 
near  Boothia  Island.  The  center  of  the  outspreading  magnetic  force 
just  mentioned  is  midway  between  these  i)oles,  and  its  meridians  are 
perpendicular  to  the  auroral  ovals  all  over  the  hemisphere. 

This  force  is  at  a  maximum  over  the  auroral  belt,  sinks  away  some- 
what to  the  north,  and  falls  rapidly  to  the  south.  Now  it  is  known 
that  the  aurora,  this  magnetic  force,  and  the  sun  spots  all  rise  and  fall 
together  in  intensity  in  the  eleven-year  period.  This  is  another  clew 
to  our  supi>osition  that  storm  action  is  dependent  upon  the  solar  output, 
transmitted  in  long,  wide  sweeping  magnetic  curves,  and  falling  upon 
the  polar  regions  of  the  earth,  the  sunlight  meanwhile  radiating  to  its 
tropical  zone. 

Anothc^r  group  of  faijts  of  more  detailed  nature  indicate  the  same 
conclusion.    A  study  of  the  curves  of  change  in  the  26.68-day  periods 
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show  that  the  same  variations  can  be  traced  throughout  the  magnetic 
fields  of  Europe,  Asia,  America,  and  Australia,  the  impulses  being 
common  to  the  earth.  It  is  found  that  the  temperature  and  pressures 
of  the  northwest  have  the  same  pulsation,  which  arrives  in  the  Dakotas 
in  one  day  after  the  magnetic  change  has  taken  place.  This  same 
curve,  on  applying  the  period  through  a  long  series  of  years,  is  dis- 
covered to  be  the  type  in  which  the  sun  spots  tend  to  group  themselves, 
the  southern  hemisphere  being  the  direct  tyi>e  and  the  northern  hemi- 
sphere the  inverse  type.  This  implies  that  the  period  26.68  is  that 
of  the  rotation  of  the  sun's  nucleus,  and  it  agiees  very  closely  with 
the  time  computed  for  the  visible  surface  at  the  equator  from  the 
motions  of  the  sun  spots. 

The  inferences  follow  that  the  sun  is  an  immense  magnetic  sphere, 
like  the  earth,  the  north  pole  positive  and  the  south  pole  negative; 
that  it  sends  out  great  waves  of  force  which  reach  the  earth  in  the 
disturbances;  that  the  field  of  the  sun  is  maintained  at  different 
strengths  in  the  several  meridians,  and  that  as  it  turns  around  on  its 
axis  this  field  at  the  earth  makes  corresponding  impressions  upon  the 
earth's  field.  A  magnetic  curve  is  like  a  delicate  spring,  and  those 
from  the  earth  and  sun  touch  and  bend  in  response  to  each  other  in  the 
most  wonderful  manner.  Hence  all  these  observations  at  the  earth, 
pursued  for  fifty  years  by  the  magneticians,  are  measures  of  the  solar 
energy,  and  will  some  time  be  so  interpreted  as  to  become  of  great  use 
to  the  world. 

There  is  still  another  system  of  correspondencies  between  the  mag- 
netic and  the  meteorological  actions.  On  taking  mean  values  for  a 
long  series  of  years  in  the  European  magnetic  field  and  the  Dakota 
pressures  and  temperatures  it  is  seen  that  these  rise  and  fall  in  a  very 
X>eculiar  curve,  which  is  that  of  the  sun-spot  areas  fundamentally,  with 
a  shorter  period,  one-fourth  of  eleven  years,  superi>o8ed  upon  it.  The 
persistence  in  this  synchronism  is  such  as  to  exclude  anything  like  an 
accidental  relation,  and  this  summary  embraces  seventeen  years. 

A  close  computation  on  the  position  of  the  storm  tracks  in  the  United 
States  shows  that  they  rise  and  fall  in  latitude  in  the  same  long  curve; 
also  the  speed  of  the  eastward  advance,  the  rate  of  propagation, 
changes  in  the  same  proportion;  the  intensity  of  the  storm  action,  the 
amplitude  of  the  highs  and  lows,  and  hence  of  the  barometer  and 
thermometer  readings,  give  the  same  relative  curves. 

In  all  cases  we  have  the  unequivocal  testimony  presented  that  an 
increase  of  this  polar  magnetic  energy  increases  the  pressure,  dimin- 
ishes the  temperature,  changes  the  order  of  the  production  of  storms 
upon  inversion,  their  ntensity,  their  speed  of  eastward  movement,  the 
position  of  the  tracks,  and  generally  precedes  all  the  principal  condi- 
tions known  to  exist  in  the  elements  of  the  physics  of  the  atmosphere. 

The  last  point  to  answer,  why  the  storms  preponderate  in  North 
America  in  number  rather  than  in  Asia,  is  simply  because  the  magnetic 
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pole  happens  to  be  on  this  aide  of  the  geographical  pole,  caasing 
the  coDcentratioD  of  energy  to  take  place  in  the  midst  of  the  North 
American  continent,  but  to  the  northward  of  Asia.  This  condition  of 
affairs  tends  to  build  a  high-pressure  belt  over  western  Canada,  just 
along  this  auroral  belt  where  the  magnetic  energy  comes  down,  and 
the  continual  interchange  of  power  shows  itself  by  stripping  off  a  rapid 
succession  of  storms  to  the  northwest  of  the  United  States,  while  in 
Asia  a  great  undisturbed  high  prevails  in  winter  and  an  immense  low 
in  the  summer. 

The  correlation  of  such  a  vast  system  of  facts,  unbroken  by  any 
known  contradictory  evidence,  leads  to  the  belief  that  the  solar  energy 
reaches  the  earth  in  two  ways — one  along  the  ecliptic  and  the  other  per- 
pendicular to  that  plane.  A  very  plausible  theory  of  the  glacial  ice 
waves  is  that  during  long  periods  the  sun's  magnetic  output  was 
increased,  and  that  in  consequence,  as  shown  above,  the  temx)erature6 
of  the  arctic  regions  were  greatly  lowered.  Hence  it  may  easily  be 
perceived  that  this  new  discovery  of  the  Weather  Bureau  opens  up  a 
fascinating  field  of  study  into  the  great  laws  of  the  solar  system,  and 
that  it  may  well  be  called  a  new  chapter  in  cosmical  astronomy. 

It  is  known  that  the  usually  accepted  system  of  meteorology  indi- 
cates that  a  low-pressure  belt  should  prevail  along  the  northern  borders 
of  the  United  States,  but  as  matter  of  fact  high  areas  frequently  form 
in  that  region  and  drift  eastward  in  the  northern  circuit.  In  order  to 
explain  these  ai)parent  anomalies,  it  is  suggested  by  the  facts  herein 
mentioned  that  the  cooling  tendency  in  the  atmosphere  along  the 
auroral  belt  just  to  the  north  of  the  northern  circuit  is  in  part  due  to 
the  action  of  the  polar  magnetic  energy  falling  on  that  region.  This 
facilitates  the  descent  of  the  air  of  the  upper  strata  to  the  lower,  thus 
accelerating  the  turning  of  the  air  moving  northward  in  the  upper 
strata  into  the  returning  current  moving  southward  in  the  lower  strata, 
as  the  general  theory  of  circulation  requires.  The  North  American 
highs  are  made  by  the  air  turning  in  direction  from  north  to  south  and 
descending  to  the  surface  of  the  earth. 

The  great  importance  of  understanding  the  cause  of  the  formation 
of  the  winter  highs  in  the  extreme  northwest,  and  also  those  proceed- 
ing from  the  district  to  the  south  of  Hudson  Bay  and  advancing  thence 
to  New  England,  is  apparent  to  every  forecaster.  Upon  the  energy 
and  rate  of  movement  of  these  northern  highs  the  whole  aspect  of  the 
forecasts  depends. 

The  connection  between  the  magnetic  forces  of  the  earth  and  the  sun 
and  the  meteorological  elements  of  the  earth's  atmosphere  have  been 
shown  to  be  so  intimate  that  it  is  desirable  to  have  an  understanding 
of  the  meaning  of  the  leading  words  used  in  the  science  of  terrestrial 
magnetism  in  order  at  least  to  follow  the  statements  made  in  this  sub- 
ject. The  nomenclature  grew  up  in  consideration  of  the  behavior  of  a 
freely  suspended  magnet  rather  than  with  regard  to  the  wider  aspects 
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of  science  that  have  since  been  developed,  and  hence  the  choice  of  refer- 
ence directions  is  limited  to  practical  rather  thau  to  the  best  possible 
system.  In  the  northern  hemisphere  a  freely  suspended  needle  dips 
with  its  north-seeking  end  beneath  the  horizon  and  inclines  to  the  west 
of  the  geographical  meridians,  taken  as  a  whole  over  Europe,  where  the 
science  was  first  studied.  This  needle  will  hang  tangent  to  the  line  of 
force  determined  by  the  earth  as  a  magnet  at  the  station  considered, 
and  there  have  consequently  been  employed  two  systems  of  coordinates 
to  define  the  force  of  the  magnetic  field  at  the  point  of  suspension. 

(1)  The  first  system  of  coordinates  is — 

F,  the  intensity  of  the  magnetic  force  of  the  earth. 

D,  the  declination^  positive  west  from  geographical  north. 

I,  the  inclination^  positive  below  the  horizon. 

These  give  the  exact  direction  and  magnitude  of  the  magnetic  force. 

(2)  The  secondary  system  of  coordinates  is — 

H,  the  horizontal  componentj  positive  north  along  the  magnetic 
meridian. 

D,  the  angular  declination^  positive  west. 

V ,  the  vertical  componentj  positive  downward. 

These  also  determine  the  vector — that  is,  direction  and  magnitude — 
of  the  magnetic  force. 

If  the  earth's  magnetic  field  were  permanent,  these  values  of  F  D  I 
or  H  I>  V  would  bo  constant  at  every  station  on  the  globe.  But  they 
are  all  continually  fluctuating  in  several  periods — the  diurnal,  the  solar, 
the  annual,  and  the  secular. 

The  diurnal  period,  twenty-four  hours,  is  due  to  the  rotation  of  the 
earth  on  its  axis,  changing  the  components  of  the  earth's  normal  field 
in  relation  to  the  external  magnetic  lines  of  the  force  in  the  ether  as 
induced  by  solar  action. 

The  solar  period,  26.68  days,  is  due  to  the  rotation  of  the  sun  on  its 
axis,  carrying  with  it  the  corotial  magnetic  field,  which  it  continuously 
sustains,  with  an  intensity  varying  along  the  solar  meridians,  and  also 
as  a  whole  in  the  solar  eleven-year  period. 

The  annual period,Z%^.2b  days,  is  due  to  the  earth's  motion  about  the 
sun  in  its  orbit,  which  changes  the  aspect  of  the  sun's  magnetic  system 
relatively  to  that  of  the  earth,  as  the  sun  moves  in  declination  with  the 
seasons. 

Thei  secular  periods  2lvq  but  little  understood,  but  there  are  several 
of  them :  (1)  The  eleven-year  period,  due  to  the  slow  workings  of  mag- 
netic masses  within  the  solar  nucleus;  (2)  the  longer  period  of  five 
hundred  to  one  thousand  years,  difiering  in  the  several  parts  of  the 
earth,  and  due  to  the  slow  redistribution  of  magnetism  within  the 
earth,  and  (3)  the  very  long  secular  periods  of  the  sun  as  a  variable 
star  by  which  the  terrestrial  system  must  be  affected,  just  as  it  is  in  the 
shorter  periods. 

To  study  the  causes  that  modify  the  earth's  normal  magnetic  field  in 
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these  several  x>^riods  it  is  necessary  to  disentangle  the  superposed 
forces  from  the  normal  field,  in  order  to  have  the  components  of  the 
deflecting  forces  at  any  time.  The  simplest  way  of  doing  this  iu  prac< 
tical  work  is  to  take  the  magnetic  meridian  at  a  station  as  the  plane  of 
reference  with — 

X,  i>ositive  to  the  magnetic  north. 

Y,  positive  to  the  magnetic  west. 

Z,  positive  to  the  magnetic  nadir. 

Henae^  variations  in  the  horizontal  force  AH,  iu  the  declination  A  D, 
in  the  vertical  force  A  V,  may  be  combined  into  a  horizontal  component 
(Ty  which  makes  an  angle  /i  on  the  horizon  plane  with  the  magnetic 
north,  and  also  into  a  total  vector  force  s  which  makes  a  vertical  angle 
a  with  (Ty  and  an  angle  /3  between  its  plane  and  that  of  the  magnetic 
meridian.    In  Chart  17 
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Chart  17. — Coordinates  of  normal  and  deflecting  magneiic  forces. 

O  N  is  geograpliical  north,  O  W  west,  O  Z  nadir. 
O  P=  F,  N  O  M  =  D,  M  O  P=  I.    First  system. 
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O  M  =  H,  N  O  M  =  D,  M  P  =  V.    Second  system. 

a  is  the  resultant  of  A  H=  dx  and  A  D  =  dy,  and  makes  the  angle 
/^  =  A  H  O  A  D  with  the  magnetic  meridian. 

«is  the  resultant  of  <y  and  A  V  =  dz  and  makes  the  angle  a  =  A  D  O  R 
with  a.  The  vector  sum  of  O  P  and  O  R  is  O  T,  and  therefore  O  T 
gives  the  direction  of  the  needle  and  the  intensity  of  the  magnetic  force 
at  the  time  considered. 

For  many  years  it  has  been  known  that  there  must  be  a  close  phys- 
ical connection  between  the  sun  and  the  earth  because  of  the  definite 
fluctuations  in  intensity  between  solar  and  terrestrial  phenomena.  The 
investigation  of  this  subject  has  shown  that  the  transference  of  energy 
is  not  only  along  the  ecliptic,  but  also  in  widespreading  lines  which  are 
perpendicular  to  the  ecliptic  at  the  earth,  this  circumstance  indicating 
that  the  sun,  as  well  as  the  earth,  is  an  immense  spherical  magnet.  The 
sun  therefore  emits  energy  along  two  paths  to  the  earth  and  in  two  dif- 
ferent forms  of  radiation:  (1)  Alongtheecliptic,iu  electromagnetic  waves, 
wherein  the  vibration  is  in  planes  perpendicular  to  the  line  of  propaga- 
tion; (2)  in  magfietic  curves^  wherein  the  ether  motion  is  probably  rota- 
tory, which  is  called  the  coronal  field  because  of  the  intimate  relation  of 
the  lines  of  the  solar  corona  to  magnetic  lines  of  force. 

When  the  coronal  magnetic  field  approaches  the  earth  perpendicu- 
lar to  the  plane  of  the  orbit,  the  lines  of  force  are  disturbed  and  their 
direction  changed  to  enter  the  surfacte  at  such  angles  as  correspond  to 
the  permeability  and  to  the  shape  of  the  permeable  mass.  The  result 
of  the  computation  is  that  the  earth  acts  like  a  permeable  shell,  such  as 
soft  iron  which  can  be  magnetized  by  induction,  and  the  magnetic 
curves  conform  to  a  permeability  2,  and  to  a  depth  of  shell  of  800 
miles.  Near  the  poles  the  curves  are  swept  to  the  side,  and  concen- 
trate in  the  auroral  belt,  or  ovals,  which  surrounds  the  magnetic  and 
the  geographical  poles;  also  other  magnetic  lines  are  crowded  together 
in  the  Tropics.  In  the  latitude  of  the  United  States  the  field  is  thin- 
ner and  somewhat  confiised,  owing  to  the  intei-play  of  the  polar  and 
the  tropical  fields.  The  entire  field  acts  nearly  along  the  magnetic 
meridians,  except  under  disturbances  and  local  distortions,  but  with 
an  intensity  which  varies  from  day  to  day.  It  has  been  computed 
that  there  is  a  periodicity  of  26.68  days  in  the  coronal  field,  which  gives 
a  curve  of  relative  intensity,  as  shown  in  Chart  18,  for  each  revolution 
of  the  sun  on  its  axis,  and  represents  the  average  intensity  of  the 
solyr  magnetism  from  meridian  to  meridian.  The  curve  is  quite  sym- 
metrically balanced  about  two  axes  at  right  angles  to  each  other, 
giving  crestvS  that  correspond  on  either  side  in  pairs.  From  this  may 
be  computed  the  primary  form  of  the  distribution  of  magnetism  within 
the  solar  nucleus.  The  peiiod  is  almost  exactly  that  of  the  sun's  visi- 
ble surface  at  the  equator,  as  determined  by  observations  on  the  sun 
spots. 

A  very  laborious  discussion  of  this  coronal  magnetic  field  at  the 
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Fig.  1.  Direct  type  of  Solar  Magnetic  Field. 


Fig.  2.  The  Sufi^s  Coronal  Magnetic  Field. 


Fig.  3.  The  Earth  a  Magnetic  Shell 

Chart  1 8c— General  relations  of  the  magnetic  fields  of  the  sun  and  the  earth. 
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earth  gives  the  important  couclusion  that  the  field  is  impressed  in  two 
types,  that  is,  in  the  form  shown  in  the  diagram  called  the  direct  type,  and 
also  in  the  form  that  results  from  turning  the  curve  over  on  its  long 
axis,  called  the  inverse  type.  Now  the  pressures  and  the  temperatures 
of  northwestern  United  States  and  Canada  jnst  east  of  the  Eocky 
Mountains  pass  over  a  station  on  the  average  in  such  a  way  as  to  fol- 
low this  peculiar  curve,  showing  that  the  general  circulation  of  the 
earth's  at'  josphere  is  to  some  extent  controlled  by  this  coronal  impressed 
field  which  depends  upon  the  rotation  of  the  sun  on  its  axis.  The 
eastward  drift,  the  alternate  hastening  and  slowing  up  in  middle  lati- 
tudes, as  shown  by  the  rate  of  motion  of  the  storms,  are  all  features 
that  apparently  depend  upon  this  polar  field. 

In  order  to  account  for  this  peculiar  inversion  it  has  been  shown 
that  the  sun  spots,  arranged  on  meridians  according  to  this  period^ 
reproduce  the  same  curve,  with  the  direct  type  in  the  southern  hemi- 
sphere and  the  inverse  in  the  northern  hemisphere.  The  physics 
involved  is  complicated,  but  the  inference  is  that  the  northern  hemi- 
sphere of  the  sun  is  positively  magnetic  while  the  southern  hemisphere 
is  negative.  The  x)assage  of  the  earth  as  a  magnet  about  tbe  sun 
involves  it,  in  resi>ect  to  the  direction  of  the  solar  magnetic  lines,  within 
two  systems  of  couples,  which  produce  the  eflPects  observed  at  the 
surface.  It  has  also  been  discovered  that  the  law  of  inversion  of  these 
types  involves  a  semiannual  periodicity  so  disposed  to  the  planes  of 
the  sun's  and  the  earth's  equators  as  to  be  dependent  upon  the  earth's 
orbital  motion  with  approach  and  recession  of  the  magnetic  poles  twice 
each  year.  The  vectors  of  magnetic  force  belonging  to  the  electromag- 
netic or  visible  sunlight  field  have  been  worked  out,  and  the  results, 
transferred  to  a  large  globe,  confirm  the  view  that  the  earth  acts  like 
a  spherical  magnetic  shell.  These  impressed  forces  explain  the  diurnal 
movements  of  the  needle  in  all  latitudes  aiid  are  to  be  referred  back  to 
a  complicated  system  of  forces  whose  curves  are  distorted  by  the  earth 
placed  in  a  uniform  field  which  is  parallel  to  the  ecliptic. 

The  entire  subject  is  of  great  interest  to  the  i)hysicist  and  of  much 
importance  to  the  meteorologist.  Some  idea  of  the  power  of  the 
coronal  field  over  the  atmospliere  may  be  gained  by  reference  to  the 
results  of  a  computation  embracing  observations  of  the  northwest  of 
the  United  States  and  of  Europe  for  the  years  1878-1894. 

The  following  variations  take  place  simultaneously: 

In  the  maximum  polar  field  (auroral  belt),  0.000050  C.  G.  S. 

In  the  European  field  (also  United  States),  0.000010  C.  G.  S. 

In  the  external  coronal  field  (near  the  earth),  0.000030  C.  G.  S. 

To  these  correspond,  when  the  above  changes  are  maintained  for  a 
year,  as  is  the  case  in  the  northwest  of  the  United  States  and  west 
Canada — 

Change  in  the  mean  annual  pressure,  an  increase,  0.02  inch. 

Change  in  the  mean  annual  temperature,  a  decrease,  2^  F. 
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Change  in  the  mean  annual  presaare  amplitude,  —0.01  inch. 

Change  in  the  mean  annual  temperature  amplitude,  — 0.2o  F. 

During  certain  years  in  the  Dakotas  the  pressure  averages  higher 
and  the  temperature  lower;  the  average  swing  of  the  oscillations  from 
high  to  low  and  from  warm  to  cold,  taken  day  by  day,  is  less;  and  this 
takes  place  in  years  of  increased  magnetic  force  from  the  coronal  field 
in  the  proportion  given  above. 

In  order  to  show  how  widely  these  changes  occur  from  year  to  year, 
it  is  found  in  the  sun  spot  cycle  1878-1890  that  the  following  ranges 
took  place  in  those  districts : 

Eange  in  the  European  magnetic  horizontal  component  <t,  0.000060 

c.  c  s. 

Eange  in  external  solar  coronal  field,  0.000180  C.  G.  S. 
Range  in  the  maximum  polar  (auroral)  field,  0.000300  C.  G.  S. 
Eange  in  the  northwest  (the  Dakotas)  pressures,  0.10  inch. 
Eange  in  the  northwest  temperatures,  7^  F. 
Eange  in  the  northwest  pressure  amplitudes,  0.06  inch. 
Eange  in  the  northwest  temperature  amplitudes,  1^  F. 


Actual  figures  for  the  years  1878-1894, 
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The  connection  between  the  magnetic  forces  and  the  pressures  is 
much  more  clearly  defined  than  with  the  temperatures,  but  the  data 
should  be  plotted  into  curves  and  studied.  The  functions  show  that 
for  an  increase  in  the  intensity  of  the  solar  magnetic  force  there  results 
an  increase  in  tlie  pressures  and  a  decrease  in  the  temperatures,  with  a 
diminution  in  the  pressure  and  temperature  amplitudes.  In  other 
words,  the  years  of  greater  magnetic  intensity  give  higher  pressure 
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over  the  Arctic  region,  colder  weather,  more  steady  conditions,  that  is, 
with  less  range  in  the  climatic  ilactuations.  The  pursuit  of  these 
studies  into  all  regions  of  the  earth  will  no  doubt  disclose  some  of  the 
hidden  forces  that  have  made  weather  so  difficult  a  subject  to  under- 
stand and  to  forecast  its  probable  conditions. 

GENERAL  REMARKS  ON  FORECASTINa. 
PRACTICAL  WEATHER  FORECASTING. 

This  bulletin  will  evidently  be  more  nearly  complete  if  some  state- 
ments regarding  the  practical  art  of  making  weather  forecasts  for  the 
United  States  are  added.  The  difficul  ty  of  doing  this  successfully  is  con- 
siderable because  of  the  great  complexity  of  the  material  and  the  large 
element  that  personal  judgment  must  necessarily  play  in  the  interpre- 
tation of  any  given  map  of  the  weather  conditions.  Yet  it  is  believed 
that  certain  principles  can  be  laid  down  which  should  have  much  influ- 
ence in  the  improvement  of  anyone  desiring  to  learn  forecasting,  and 
in  the  correction  of  imperfect  notions  among  those  already  somewhat 
practiced  in  this  work.  The  author  is  alone  responsible  for  the  follow- 
ing remarks,  inasmuch  as  they  represent  his  own  conclusions,  drawn 
from  the  making  of  practical  daily  forecasts,  rather  than  those  of  any- 
one else. 

1.  The  leading  point  in  making  forecasts  is  to  determine  which  are 
the  primary  and  which  are  the  secondary  weather  forces,  that  is  to 
say,  whether  the  highs  or  the  lows  are  to  be  regarded  as  dominating 
in  the  mechanism  of  the  atmosphere.  We  have  been  forced  to  abandon 
the  earlier  view  that  the  lows  or  storms  are  most  important,  and  con- 
clude that  in  forecasting  the  highs  are  always  primary  and  the  lows 
secondary.  Many  reasons  can  be  given  for  this  change  of  view.  The 
forceful  character  of  intensely  developed  storms  have  so  impressed  the 
public,  and  many  students  as  well,  with  their  characteristic  features  as 
to  have  secured  for  them  undue  consideration  in  the  interpretation  of 
the  maps.  Stormy  weather,  precipitation,  high  winds,  local  storms, 
and  thunderstorms  have  been  so  associated  with  the  low  pressure  that 
many  were  persuaded  that  the  lows  were  the  primary  and  the  highs 
only  a  secondary  feature  of  the  weather.  A  whole  literature,  based 
npon  the  convectional  theory  of  storms,  has  thus  subordinated  the 
highs  to  the  lows.  But  if  the  highs  depend  upon  local  overheated 
areas  which  overflow  and  form  the  highs,  then  whole  features  of  the 
general  circulation  are  ignored  and  the  accompanying  minor  effects  in 
storms  are  exaggerated  into  primary  causes.  On  the  other  hand,  as  a 
matter  of  fact,  complete  lows  are  formed  without  temperature  gradi- 
ents of  importance;  they  exist  without  precipitation;  they  do  not  fre- 
quent the  Tropics,  where  heat  and  rain  most  favor  their  formation; 
their  insignificant  size  precludes  the  idea  that  their  products  are  seen 
in  the  adjacent  highs. 

Our  view  is  that  the  lows  are  mere  appendages  to  the  high  areas. 
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and  these  are  bailt  up  in  the  general  circulation  which  depends  upon 
the  temperature  gradient  between  the  equator  and  the  poles,  and  thus 
have  a  sufficient  and  continuous  source  of  supply  for  their  large  masses. 
The  running  down  of  the  highs  by  gravitation  causes  gyratory  lows 
to  form  along  their  periphery,  as  in  tropical  hurricanes,  and  especially 
between  two  adjacent  highs  where  the  countercurrents  meet  in  tbe 
vortical  trough  or  centralized  storm,  particularly  in  the  middle  lati- 
tudes. This  is  in  harmony  with  the  fact  that  the  opposite  sides  of 
lows  are  of  such  difterent  temperature,  and  that  the  precipitation  is 
merely  the  waste  product  of  the  reduction  of  masses  of  air  of  different 
temperatures  and  vapor  contents  to  the  same  physical  state.  The  out- 
come of  studies  of  cloud  movements  and  the  resulting  knowledge  of 
the  general  atmospheric  currents  lend  great  weight  to  this  order  of 
development.  Such  observations  show  that  the  upper  strata  are  but 
slightly  distorted  from  their  average  eastern  drift  except  within  about 
2  miles  of  the  ground.  It  is  a  principle  of  hydrodynamics  that  a  fluid 
will  not  long  move  in  a  straight  line,  or  even  in  an  easy  curve  for  a 
very  long  distance,  without  being  thrown  into  a  gyration  upon  encoun- 
tering any  obstacle,  or  at  the  least  failure  in  the  pressure  gradients 
which  are  required  for  such  movements.  In  the  upper  as  in  the  lower 
atmosphere  the  temperature  is  constantly  disturbing  the  normal  north 
and  south  gradients,  and  the  deflecting  force  of  the  rotating  earth  is 
prompt  to  take  advantage  of  this  variation.  Hence  the  rapidly  moving 
eastward  upper  strata  are  prone  to  swerve  into  a  right-handed  vortical 
movement  in  the  northern  middle  latitudes,  and  then  they  burrow 
downward  to  the  surface  of  the  earth  under  the  action  of  gravity, 
bringing  cool,  drying  air  in  large  masses  of  higher  pressure,  which 
necessarily  flow  out  from  the  center  of  this  circulation.  The  power 
behind  the  downward  anticyclonic  circulation  of  middle  latitudes  is 
the  same  as  that  which  drives  the  trade  winds,  namely,  the  general 
tendency  to  equilibrium  in  the  atmosphere.  Its  amount  is  measured 
by  the  difference  in  velocity  of  eastward  movement  in  the  upp^r  and 
the  lower  strata.  Without  it  the  eastward  drift  would  be  very  much 
more  rapid  than  it  now  is.  Such  air  must  be  disposed  of  and  returned 
to  the  upper  strata.  The  two  adjacent  highs  throw  out  countercur- 
rents which  produce  a  vortex,  to  a  large  extent  dynamic  in  its 
construction,  that  is  to  say,  sustained  by  pressure  transmitted  hydro- 
statically  from  the  high  centers  outward,  and  therefore  driven  upward 
and  compelled  to  rotate  against  the  eastward  flowing  strata  into  which  it  is 
injected.  The  currents  in  the  cumulus  clouds  strata  show  this,  where 
the  stream  lines  are  soon  wiped  out  at  the  distance  of  2  miles  or  less 
above  the  ground,  beyond  which  elevation  the  cyclone  shows  only  a 
small  distortion  of  the  eastward  streams.  These  lines  of  upward 
cyclonic  discharge  are  perpetually  renewed  by  the  air  driven  outward 
from  the  highs,  and  they  may  therefore  persist  as  long  as  the  highs  are 
maintained — that  is,  while  the  general  circulation  seeks  a  particular 
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local  downward  discharge.  This  may  properly  be  called  a  stationary 
circulation,  since  a  similar  How  at  the  same  relative  point  in  the  atmos- 
phere will  give  the  same  pressure,  although  the  entire  system  of  high 
and  low  drifts  eastward  in  the  middle  latitudes.  This  is  a  much  better 
word  to  describe  the  case  than  the  stationary  waves  of  Von  Helmholtz 
or  Max  Margules,  since  the  analogy  of  a  stationary  wave  is  very  unlike 
this  process,  a  wave  being  formed  by  transmission  of  energy  through 
the  same  mass  of  material,  a  stationary  circulation  by  the  transfer  of 
different  material  through  the  same  region  in  an  equal  flow.  The  air 
flowing  from  the  northwest  toward  the  equator  and  from  the  south- 
west toward  the  poles  in  middle  latitudes  does  not  move  in  great  sheets, 
as  the  general  theory  of  Ferrel  or  Overbeck  implies,  but  in  immense 
detached  masses,  and  these  are  chiefly  concerned  in  building  first  the 
highs,  and  out  of  them  the  lows.  The  details  of  this  interesting  circu- 
lation are  yet  to  be  fully  determined,  especially  the  part  the  difi'erent 
strata  play  in  forming  it.  At  present  the  evidence  is  that  the  strata 
within  2  miles  of  the  ground  have  most  to  do  with  it,  the  upper  strata 
merely  feeding  the  highs  and  receiving  the  discharge  of  the  lows,  but 
very  little  air  passing  directly  from  the  top  of  a  low  into  the  top  of  a 
high. 

The  practical  consequences  of  this  view  in  forecasting  are  very 
important.  The  action  of  the  high  becomes  the  leading  feature  in 
determining  the  future  conditions  of  the  weather,  and  the  lows  are 
mere  incidental  or  secondary  consequences,  however  important  to  the 
public  these  may  become.  Therefore  the  track  of  a  cyclone  is  along 
the  edge  of  the  high,  combining  the  eastward  drift  with  the  advancing 
movement  of  the  vortex  as  it  is  fed  in  from  the  fresh  portions  of  the 
high.  A  West  India  hurricane  moves  westward  in  the  westmoving 
tropical  upper  air,  recurves  around  the  edge  of  the  great  Atlantic 
high,  and  advances  eastward  in  the  mid-latitude  eastmoving  upper 
air,  the  low  pressure  being  a  symptom  of  this  continuous  stationary 
circulation,  using  the  word  stationary  in  its  technical  meaning  given 
above. 

Again,  the  rain  areas  are  formed  along  the  edges  of  the  high,  at  a 
certain  average  distance  from  its  center,  the  irregular  patches  occur- 
ring on  the  weather  map  being  generally  parts  of  such  a  formation. 
This  is  about  the  only  rule  in  forecasting  rain  that  is  of  real  value  and 
capable  of  serving  on  all  occasions.  Precipitation  is  apparently  formed 
by  the  discharge  of  the  cool  upper  air  into  the  adjacent  low  stratum, 
the  lowering  of  temperature  by  direct  contact  of  masses  of  cool  air 
with  masses  of  warm  moist  air  being  evidently  most  efficient  in  pro- 
ducing the  scattered  rainfalls.  Intimate  mixture  has  some  effect, 
radiation  some,  adiabatic  cooling  by  expansion  much,  but  in  our  judg- 
ment such  direct  contact  cooling  by  the  intermixture  of  large  masses 
of  air  at  different  temperatures  is  the  leading  process,  as  evidenced 
by  the  data  of  the  weather  maps.    This  is  especially  vigorous  in  the 
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eastward  quadrants  of  the  lows,  where  the  northwest  cold  dry  current 
is  intimately  mixing  in  discontinuous  shreds  with  the  warm  moist 
atmosphere  from  the  southeast,  this  formation  of  currents  being  a  vor- 
tical product.  No  doubt  the  rising  air  cools  by  expansion,  but  it  is 
probable  that  the  flowing  together  of  these  two  sheets  of  air  in  the 
stratum  about  1  mile  high  is  chiefly  instrumental  in  eU'ectiug  rain- 
fall. Warm  moist  air  rising  upward  against  an  overflowing  cold 
sheet  is  the  best  possible  condition  for  rainfall.  The  thunderstorms 
and  local  storms  of  summer  are  associated  with  the  southeast  quad- 
rant merely  because  the  counterflows  from  the  adjacent  highs  meet 
together  in  this  region.  It  is  of  course  admitted  that  the  latent  heat 
derived  from  the  condensation  of  vapor  in  the  atmosphere  greatly 
strengthens  the  formation  of  the  cyclonic  vortices  in  the  low  areas 
and  intensifies  the  violence  of  storms,  but  it  is  hardly  a  necessary  fea- 
ture in  their  formation,  as  humorous  examples  on  the  weather  maps 
testify. 

The  primary  principle  of  forecasting  is,  therefore:  Subordinate  aU 
iceather  features  to  the  high  areas j  determine  the  move^nents  and  the  action 
of  the  highs  J  deducing  the  effect  of  these  upon  ea^h  other  in  the  counter- 
flow  and  along  the  isolated  periphery. 

2.  The  next  important  principle  in  forecasting  is  the  mode  of  deter- 
mining the  movements  of  the  high-pressure  areas.  This  depends  upon 
two  general  systems  of  conditions:  (1)  The  continental  and  oceanic 
areas,  and  (2)  the  configuration  of  the  general  circulation  about  the 
North  American  continent.  The  details  must  be  learned  by  examina- 
tion of  the  charts,  viewed  in  their  annual  changes.  In  the  winter 
the  continent  by  its  effect  upon  radiation,  with  the  sun  in  the  southern 
hemisphere,  tends  to  build  up  strong,  cold,  high-pressure  areas,  and 
these  are  propagated  south  and  eastward,  in  the  northern  or  the 
southern  circuits,  as  heretofore  explained.  In  the  summer  the  conti- 
nent tends  to  build  feeble,  warm,  low-pressure  areas  in  the  interior, 
with  high  areas  bordering  the  coast  districts,  so  that  the  circulation  is 
from  the  oceans  to  the  interior.  The  difference  in  the  interpretation 
of  the  isobars  is  important,  because  a  summer  cyclonic  circulation 
near  the  liocky  Mountains  means  little  in  the  way  of  a  general  storm, 
though  local  storms,  tornadoes,  and  thunderstorms  may  be  produced. 
But  in  the  winter  the  formation  of  a  cyclonic  circulation  on  the  eastern 
side  of  the  divide  of  the  mountains  is  very  likely  to  reach  the  ocean 
before  dissipation,  while  in  summer  many  such  storms  die  out  in  the 
Lake  region  and  the  upper  St.  Lawrence  Valley. 

The  movement  of  highs  generally  is  decided  by  the  peculiar  intrac- 
tion  that  exists  between  the  great  eastward  drift  in  middle  latitudes 
and  the  calm  or  stationary  high  that  tends  to  build  in  the  subtropical 
belt.  If  a  high  is  caught  firmly  in  the  eastward  drift,  it  will  move  over 
the  northern  circuit  toward  the  great  permanent  cyclone  of  the  North 
Atlantic  Ocean;  if  it  is  needed  to  build  into  the  tropical  high-pressure 


81 

belt,  it  will  move  in  the  southern  circuit  to  the  Gulf  States.  One  of  the 
important  problems  of  practical  meteorology  is  to  determine  when  the 
highs  will  take  these  courses,  respectively.  On  reaching  the  Atlantic 
coast  a  double  uncertainty  overtakes  the  high  movements — that  is, 
they  may  settle  from  the  north  to  the  south,  especially  in  summer,  or 
they  may  be  drawn  from  the  south  northward,  particularly  in  the  winter. 
During  seasons  of  stagnant  circulation  they  may  linger  many  days  upon 
the  coast  line,  with  a  slight  movement  northward  or  southward.  The 
second  great  principle  is:  Determine  from  a  knowledge  of  the  general  cir- 
culation the  movement  of  the  high  areas  in  the  northern  or  the  southern 
circuits^  and  along  the  Atlantic  coast  lincj  as  specified  by  the  appearance 
of  a  given  map. 

3.  The  next  fundamental  point  to  have  in  mind  is  the  rapidity  of  the 
eastward  drift,  especially  in  the  northern  circuit.  This  is  subjected  to 
a  succession  of  accelerations  and  retardations,  rapid  movements,  and 
stagnant  conditions,  which  are  always  very  puzzling  to  the  forecaster. 
It  is  clear  that  these  must  also  be  referred  to  the  circulation  of  the 
upper  strata  to  some  extent,  but  our  knowledge  of  this  subject  is  so 
imperfect  that  no  final  statements  can  now  be  made  regarding  it.  We 
may  hope  by  patient  observations  of  the  cloud  motions  to  ultimately 
bring  this  also  within  our  understanding. 

LONG-RANGE  FORECASTING. 

The  advantages  that  would  be  derived  from  an  ability  to  forecast 
weather  conditions  for  considerable  intervals  in  advance  of  occurrence 
are  very  obvious,  especially  to  provide  successful  forecasts  of  the  sea- 
sonal variations  from  year  to  year.  Many  attempts  have  been  made  to 
accomplish  this  result,  but  usually  in  so  unscientific  a  way  as  to  have 
discredited  such  efforts  and  to  have  brought  the  entire  subject  into 
disrepute.  On  this  account  the  official  forecasts  of  the  Weather  Bureau 
have  been  carefully  confined  to  periods  of  forty-eight  hours  or  less,  and 
no  definite  forecasts  have  ever  been  published  for  the  seasons  of  the 
year  in  advance.  In  truth,  the  difficulties  to  be  overcome  in  order  to 
make  such  forecasts  scientifically  are  enormous,  and  they  have  not  yet 
yielded  to  some  very  persistent  labor.  It  is  easily  seen  that  a  success- 
ful long-range  forecast  can  be  based  only  upon  an  accurate  understand- 
ing of  the  laws  of  the  general  and  also  the  local  circulations  of  the 
upper  and  lower  strata  of  the  air  as  modified  by  the  continents  and  the 
oceans ;  likewise  it  is  necessary  to  know  the  exact  relation  that  the 
solar  energy  bears  to  these  atmospheric  movements.  Until  the  physical 
laws  are  fully  in  our  possession  and  the  result  is  such  as  to  demonstrate 
the  impossibility  of  seasonal  weather  predictions,  it  is  allowable  to 
indulge  the  hope  that  forecasts  may  some  time  be  made  to  extend 
beyond  the  two-day  limit  now  set. 

To  make  an  attack  of  importance  upon  this  pbscure  region  of  mete- 
orology it  is  first  necessary  to  learn  how  to  classify  weather  conditions 
8599— No.  20 6 
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in  order  to  study  them  properly,  and  this  means  the  detection  of  all 
the  fundamental  periods.  Besides  the  diurnal  period  depending  upon 
the  rotation  of  the  earth  on  its  axis  and  the  annual  period  due  to  the 
revolution  of  the  earth  in  its  orbit  around  the  sun  there  must  be  yet 
others  which  de(>end  upon  the  action  of  the  sun  itself.  One  of  these  is 
tbe  rotation  of  the  sun  on  its  axis,  auother  the  slow  congestion  of  the 
sun's  material  in  the  11-year  period,  and  in  the  subordinate  2f-year 
period,  and  there  may  be  also  very  long  periods  which  can  not  be  con- 
sidered in  this  connection.  It  is  clear  that  the  calendar  months, 
according  to  which  our  meteorological  data  are  commonly  collected, 
for  which  intervals  the  means  are  taken,  have  no  natural  periodic 
relation  to  the  underlying  phenomena,  and  that  the  customary  method 
of  operation  tends  merely  to  conceal  any  natural  laws  that  may  really 
exist  in  the  periodic  repetition  of  weather  conditions.  Hence  it  is  of 
primary  importance  to  discover  an  accurate  fundamental  period  to  sub- 
stitute for  the  calendar-month  system. 

As  the  result  of  much  work  on  the  variations  of  the  terrestrial  mag- 
netic field,  it  is  concluded  that  such  a  period  exists,  dependent  upon 
the  rotation  of  the  sun  on  its  axis,  giving  a  normal  curve  which  tends 
to  repeat  itself  in  26.67928  days.  The  curve  is  shown  on  Chart  18,  and 
the  following  ephemeris  gives  the  dates  of  the  beginning  of  the  same 
curve  for  the  first  period  in  each  year  for  the  years  1840-1899,  inclu- 
sive. Other  dates  can  be  readily  found  throughout  any  year  by  adding 
26.68  days  successively  to  the  January  date  of  the  given  year. 

EphemerU  of  the  $ynod\o  rotation  of  the  $un. 
[Period,  26.67928  days;  epoch,  Jane  1U.72, 1887.] 
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1840. 

1841. 

1842. 

1843. 

1844. 

184o. 

1846. 

1847. 

1848 

1840. 

1850. 

1851. 

1K52. 

1853. 

1854. 

1855. 

1856. 

1857. 

1858. 

1859. 


Date. 


Jan. 

27.11 

Jan. 

7.94 

Jan. 

16.45 

Jan. 

24.96 

Jan. 

6.79 

Jan. 

14.30 

Jan. 

22.81 

Jan. 

4.64 

Jan. 

13.15 

Jan. 

20.66. 

Jan. 

2.49 

Jan. 

11.00 

Jan. 

19.51 

Jan. 

27.02 

Jan. 

8.85 

Jan. 

17.36 

Jan. 

25.87 

Jan. 

6.70 

Jan. 

15.21 

Jan. 

23.72 

83 

Up  to  this  point  the  investigation  was  not  really  difficult,  but  on 
applj'ing  the  curve  to  current  meteorological  and  magnetic  phenomena 
a  very  surprising  fact  emerged  into  view  for  consideration.  The 
observations  during  certain  months  followed  the  curve  in  the  direct 
form  given  above  and  in  other  months  in  the  form  derived  by  invert- 
ing this  curve  on  its  long  axis.  There  was  also  a  certain  looseness 
attending  the  matching  of  the  normal  curve  to  the  individual  repeti 
tions  as  recorded  in  the  observations,  which  sometimes  made  it  difficult 
to  decide  whether  the  direct  or  inverse  type  was  really  represented,  and 
this  irregularity  seemed  to  occur  in  a  lawless  way.  It  is  easy  to  see 
that  some  of  the  causes  at  work  to  produce  that  effect  are  (1)  the  spas- 
modic and  irregular  action  of  the  sun  itself  in  producing  an  external 
field  of  magnetic  force;  (2)  the  variable  action  of  the  earth's  atmop- 
phere  in  forming  the  convection  currents  and  the  corresponding  highs 
and  lows;  (3)  the  unsteady  eastward  drift;  and,  (4)  the  unknown  forces 
of  absorption  and  radiation  at  work  in  the  atmosphere.  Nevertheless, 
in  hope  of  discovering  the  law  of  such  reversals,  the  magnetic  hori- 
zontal forces  observed  since  the  year  1841  were  transferred  from  the 
published  reports  to  curves  plotted  according  to  the  periods  of  the 
ephemeris.  Then  the  normal  curve  was  matched  with  each  period  as 
impartially  as  possible  and  in  such  a  manner  as  to  leave  the  judgment 
unprejudiced,  being  repeated  on  dift'erent  occasions,  and  marked  D  for 
direct  type  and  I  for  inverse  type.  Then  the  number  of  D's  in  each  of 
the  14  periods  was  counted  up  for  the  years  1841-1894,  inclusive,  and 
the  result  is  recorded  in  the  numbers  as  the  bottom  of  Chart  19.  This 
shows  the  tendency  for  the  direct  form  to  prevail  in  different  portions 
of  the  year,  and  the  inverse  type  is  merely  complementary  to  it.  The 
representative  line  is  evidently  a  semiannual  periodic  sine  curve, 
repeated  twice  annually,  and  its  relation  to  the  sun's  and  the  earth's 
equators  is  shown,  these  being  placed  in  the  position  assumed  in  June 
for  an  observer  looking  at  the  sun  from  the  earth.  On  Chart  20  the  same 
curve  is  shown  in  its  relations  to  the  fundamental  planes.  Ecliptic  K, 
Sun's  Equator  S,  Earth's  Equator  E,  wherein  is  seen  the  astronomical 
triangle  and  the  nodal  lines  as  derived  from  astronomical  data.  The 
direct  type  only  is  represented  on  the  chart,  but  the  inverse  type  bears 
a  counterpart  relation  from  right  to  left.  The  positions  where  these 
curves  cut  the  ecliptic  show  the  points  where  the  two  types  are  evenly 
balanced  in  a  sort  of  penumbra.  The  solar  force  acts  strongly  enough 
at  right  angles  and  parallel  to  the  solar  axis  to  impress  its  type  upon 
the  terrestrial  field;  in  the  regions  of  transition  the  type  is  less  clearly 
defined.  The  transition  dates  are  near  February  1,  April  20,  July  15, 
and  October  15,  on  the  average.  The  fact  that  this  peculiar  phenom- 
enon occurs  in  terrestrial  magnetic  and  also  meteorological  phenomena 
is  very  important.  It  implies  that  the  storms  of  the  northwest  generate 
in  an  order  influenced  by  the  polar  magnetic  force  from  the  sun. 

It  is  necessary  only  to  remark  that  the  types  appear  to  be  determined 
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by  the  position  of  the  sun's  axis  projected  on  the  ecliptic,  the  axis  of 
type  direct  being  perpendicular,  and  that  of  type  inverse  the  parallel  to 
that  line.  The  physics  involved  in  this  relation  can  not  here  be  given, 
but  the  main  facts  are  evident  enough :  (1)  We  have  therefore  obtained 
a  period  of  rotation  for  the  sun  that  works  without  sliding  for  over  fifty 
years;  (2)  also  a  well-formed  curve,  which,  on  the  average,  represents 
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Chart  20 — Semiannual  period  in  the  inversion  of  the  direct  type  of  the  solar  magnetic  curve. 

terrestrial  magnetic  observations  for  this  interval,  and  meteorological 
observations  for  at  least  twenty  years;  and  (3)  the  peculiar  law  of  inver- 
sion is  such  that  the  direct  type  prevails  from  about  February  1  to 
April  20  and  from  July  15  to  October  15;  while  the  inverse  type  holds 
for  the  intervals  April  20  to  July  15  and  October  15  to  February  1. 
We  may  therefore  conclude  that  for  a  first  approximation  our  process 
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of  long-range  forecasting  should  be  as  follows:  (1)  In  any  year  find 
the  dates  of  beginning  of  the  normal  curves  from  the  ephemeris;  (2) 
classify  the  data  as  direct  or  inverse  as  far  as  x>ossible  within  the  dates 
above  determined  for  the  maximum  of  D  and  I  types;  (3)  for  any  given 
day  read  the  slope  of  the  curve  as  shown  by  the  normal  period  in  the 
extreme  northwest,  that  is,  in  western  Canada,  or  in  the  Dakotas, 
counted  as  oue  day  elapsed;  (4)  allow  as  far  as  possible  for  the  eastern 
drift  in  the  northern  or  the  southern  circuits  to  any  station  for  which 
forecasts  are  required.  These  are  the  first  definite  rules  for  scientific 
long-range  forecasts ;  but  considering  the  many  elements  of  the  problem 
yet  undetermined,  it  is  hoped  that  no  one  will  expect  too  much  of  them^ 
or  be  discouraged  by  failures. 


A  brief  summary  of  the  scheme  of  meteorological  thought  herewith 
presented  can  now  be  given:  (1)  The  general  circulation  of  the  atmos- 
phere has  a  downward  component  near  the  poles  where  the  northward 
upper  stratum  returns  into  the  lower  southward  current,  its  power 
consisting  in  slowing  down  the  rapid  eastward  drift  by  diverting  it  into 
descending  anticyclonic  vortices;  (2)  these  are  localized  upon  the  conti- 
nents, chiefly  in  winter,  by  reason  of  the  action  of  the  land  areas  being 
colder  than  the  oceans,  wherefore  highs  tend  to  form  in  western  Canada 
especially  during  that  season;  (3)  the  entrance  of  the  earth  into  longi- 
tudes of  the  sun  having  a  stronger  magnetic  field  lowers  the  temper- 
ature in  this  region,  and  thus  assists  the  tendency  to  form  high  areas 
at  definite  dates  in  the  general  subpolar  circulation,  it  being  more  pro- 
nounced on  the  ^orth  American  continent  than  elsewhere  in  the  same 
high  latitudes  by  reason  of  the  presence  of  the  magnetic  pole  near  that 
place;  (4)  these  highs  drift  southward  and  eastward  within  the  great 
eastward  upper  current,  being  still  fed  by  the  general  circulation,which 
itself  is  sustained  from  the  tropical  zones  and  continues  to  discharge 
downward  into  the  highs  by  means  of  an  anticyclonic  stationary  sys- 
tem of  streams;  (5)  between  successive  highs  is  formed  a  low  with 
cyclonic  circulation,  which,  under  hydrostatic  pressure,  aided  by  con vec- 
tional  vertical  components  of  warmer  air,  drives  the  air  in  stream  lines 
back  into  the  upi>er  strata,  there  to  be  aimlessly  destroyed  in  the  rapid 
eastward  currents;  (6)  the  convective  action  in  cyclones  derived  from 
local  temperature  and  the  latent  heat  of  condensation  of  vapor  in  pre- 
cipitation is  an  important  incident,  assisting  gyratory  vortex  action, 
but  after  all  only  a  secondary  phenomenon;  (7)  this  view  admits  the 
validity  of  Ferrers  analytical  solution  (also  Overbeck's)  of  the  general 
circulation  of  the  atmosphere,  but  concludes  that  it  is  not  strictly 
applicable  to  the  local  mid-latitude  cyclones;  that  the  general  cyclone 
of  the  poles  and  the  local  cyclone  with  anticj'clone  surrounding  it  are 
not  so  parallel  in  theory  as  was  supposed  in  the  formulae    On  the  other 
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hand,  the  lows  are  not  eddies  in  the  upper  currents,  but  more  properly 
the  highs  are  the  eddies;  actually  they  are  stationary  downward  cir- 
culations in  deflecting  the  direction  of  the  upper  into  the  lower  strata, 
and  the  lows  are  secondary  effects  derived  from  these  under  the 
Impelling  forces  of  gravity  and  hydrostatic  pressure.  This  explana- 
tion gives  to  the  entire  machinery  of  the  atmosphere,  it  is  believed,  a 
logical  and  harmonious  operation,  and  it  certainly  avoids  some  of  the 
difficulties  that  are  now  felt  by  meteorologists. 
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PREFACE. 


A  remarkable  feature  of  the  history  of  terrestrial  magnetism  and 
also  of  meteorology  is  the  fact  that,  in  spite  of  many  discassions  of  an 
enormous  mass  of  observations,  progress  toward  correlating  them  in 
general  scientific  laws  has  been  very  slow,  the  results  in  the  main 
being  unsatisfactory.  The  researches  which  I  have  conducted  in  these 
subjects  have  persuaded  me  that  this  has  been  largely  due  to  erroneous 
points  of  view  in  two  particulars.  The  first  depends  upon  a  premature 
rejection  of  the  direct  magnetic  action  of  the  sun  upon  the  earth,  as  a 
working  hypothesis;  the  second  upon  a  too  rigid  application  of  the 
theory  of  the  general  circulation  of  the  atmosphere  over  a  hemisphere 
to  the  local  cyclone  in  midlatitude  zones.  The  authority  given  to  these 
positions  by  their  distinguished  authors  and  advocates  rendered  it  diffi- 
cult to  construct  quite  different  plaus  of  procedure,  but  it  is  believed 
to  have  been  essential  to  do  so  in  order  to  secure  important  advance- 
ment in  these  branches  of  science. 

The  exi)osition  of  these  views  embraces  a  series  of  papers  arranged 
in  parts. 

I.  iRemarks  on  practical  forecasting,  which  are  embodied  in  Bulletin 
No.  20,  United  States  Weather  Bureau,  entitled  Storms,  Storm  Tracks, 
and  Weather  Forecasting,  1897,  wherein  the  plan  of  the  research  is 
outlined  in  general  terms. 

II.  Specific  arguments  and  data  in  support  of  the  doctrine  of  the 
direct  magnetic  action  of  the  sun  are  contained  in  this  Bulletin,  No.  21, 
Abstract  of  a  Eeport  on  Solar  and  Terrestrial  Magnetism,  together 
with  their  Relations  to  Meteorology,  1897. 

III.  Specific  arguments  and  data  in  favor  of  the  view  that  the  funda- 
mental equations  of  the  general  and  the  local  cyclones  are  not  strictly 
identical  will  be  given  in  a  paper,  now  in  preparation,  on  the  Oircula- 
tion  of  the  Atmosphere  over  the  North  American  Continent 
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Chapter  1. 

HISTORICAL  INTRODUCTION.    METHOD  OF  COMFUTINa  TBB  TER- 
RESTRIAL MAQNBTIC  DEFLECTINa  VECTOR  STSTEMS. 

That  there  is  a  causal  connection  between  the  observed  variations  in 
the  forces  of  the  sun,  the  terrestrial  magnetic  field,  and  the  meteoro- 
logical elements  has  been  the  conclusion  of  every  research  into  this 
subject  for  the  past  fifty  years.  The  elucidation  of  exactly  what  the 
counection  is  and  the  scientific  proof  of  it  is  to  be  classed  among  the 
most  diflicult  problems  presented  in  terrestrial  physics.  The  evidence 
adduced  in  favor  of  this  conclusion  is  on  the  whole  of  a  cumulative 
kind,  since  the  direct  sequence  of  cause  and  effect  is  so  far  masked  in 
the  complex  interaction  of  the  many  delicate  forces  in  operation  as  to 
render  its  immediate  measurement  quite  impossible  in  the  present  state 
of  science.  Before  attempting  to  abstract  the  results  of  this  research 
on  these  points  a  brief  resume  of  the  views  held  by  the  leading  inves- 
tigators will  be  given,  especially  with  the  object  of  presenting  the  status 
of  the  problem  to  those  who  are  not  fully  acquainted  with  this  line  of 
scientific  literature.  The  bibliography  is  large — covers  a  century — and 
embraces  such  names  as  Humboldt,  Gauss,  Sabine,  Lamont,  Faraday, 
Wolf,  Ellis,  Broun,  Tlomstein,  Stewart,  Schuster,  Gapello,  Meldrum, 
Airy,  Walker,  van  Bebber,  Lemstrom,  Fritz,  Loomis,  Kelvin,  and  many 
others. 

CITATION  OP  OPINIONS  AS  TO  THE   CONNECTION  BETWEEN  CERTAIN 

SOLAR  AND   TERRESTRIAL  PHENOMENA. 

Walker  expresses  his  conclusion  regarding  the  main  point  as  follows, 
page  103 : ' 

The  almost  exact  coincidence,  so  far  as  hitherto  observed ,  between  the  periods  and 
turning  points  of  three  classes  of  phenomena  at  first  sight  so  widely  ditierent,  as  the 
magnetic  disturhanccsj  the  diurnal  range,  and  the  frequency  o{  solar  spots,  can,  I  think, 
leave  no  reasonable  doubt  that  this  coincidence  is  causal,  and  not  accidental.  This 
fact,  as  Hamboldt  remarks,  gives  a  very  high  cosmical  interest  to  the  study  of  ter- 
restrial magnetism. 

Lemstrom  summarizes  his  own  and  current  opinion  in  this  way, 
page  24:^ 

We  borrow  from  Loomis  a  graphic  representation  of  the  phenomena,  the  number 
of  auroras  observed  annually,  the  mean  deviation  of  the  magnetic  needle,  and  the 
relative  extent  of  the  solar  spots,  which  shows  perfectly  their  accord  from  1780  to 
1870. 


1  Terrestrial  and  Cosmical  Magnetism,  Adams  prize  essay,  Walker. 

>L'aarore  bor^le,  M.  Lemstrom,  1886. 
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The  meteorological  obaervationB  on  whioh  we  can  make  computations  embrace  a 
period  of  time  too  short  to  enable  ub  to  establish  with  certainty  the  laws  which 
regulate  the  changes  of  the  atmosphere.  Bat  on  comparing  the  observations  of  the 
perturbations  of  the  atmosphere  called  cyclones  or  storms  a  periodicity  is  found 
which  probably  accords  with  the  eleven-year  period  already  mentioned.  Fritas  haa 
indicated  in  his  memoirs  three  remarkable  results^  which  we  will  cite: 

^'1.  Daring  the  time  when  the  son  spots  are  at  their  maximum,  the  rainfall^'snowy 
and  hail  are  more  abundant  than  daring  the  time  of  minimum. 

'*2.  The  variability  of  the  pressure  of  the  air  changes,  also,  in  parallel  with  the 
great  periods  of  the  aurora  borealis  and  the  son  spots. 

'^3.  Hurricanes  and  violent  movements  in  the  air  are  more  frequent  at  times  of 
maximum  than  at  times  of  minimum  spots,  and  on  the  other  hand  fair  weather  is 
more  abundant  in  the  latter  case  than  in  the  former.'' 

It  is  evident  that  if  there  is  a  close  relation  among  these  phenomena,  it  ought  to 
be  shown  also  in  the  quality  of  the  harvests.  (Compare  Lemstrum's  paper  read  at 
the  Chicago  Congress,  1893).  We  ai-e  then  entirely  in  agreement  with  the  general 
resnlt  of  Fritz,  that  there  is  certainly  a  relation  between  the  variability  of  the  sua 
spots,  the  magnetic  declination,  and  the  number  of  the  auroras ;  also,  that  similar 
relations  with  the  meteorological  phenomena  are  very  probable. 

W.  J.  van  Bebber  investigates  carefully  the  meteorological  side  of 
the  question  with  the  following  conclusion,  page  258,^  which  is  also 
quoted  by  Si)rung  in  his  meteorology,  page  366:^ 

It  appeal's  to  us  undoubted  that  relations  exist  between  the  snn  spots  and  meteor- 
ological phenomena,  which  if  their  characteristics  and  amount  were  known  could 
be  sometimes  employed  with  success  in  our  forecasts  of  the  weather.  It  is  probable 
that  the  periodic  changes  in  the  atmosphere  are  not  brought  about  directly  through 
the  sun  spots,  but  that  both  phenomena  are  produced  by  a  common  underlying 
agency  whereby  the  synchronous  variation  in  periods  is  possible. 

He  specifies  such  changes  in  the  atmosphere  along  with  the  son 
spots,  as  the  temperature  and  pressure,  cyclones  and  winds,  precipita- 
tion, cloudiness,  thunderstorms  and  hail,  and  concludes — 

Therefore  it  is  not  to  be  denied  that  there  is  a  connection  between  sun-spot  Are- 
quencies  and  the  changes  in  oar  atmosphere,  only  the  periodic  movement  of  the 
weather  phenomena  is  beset  by  so  many  unknown  kinds  of  disturbances  that  it  is 
not  now  possible  to  make  successful  long-range  forecasts  from  them. 

Ebert  introduces  a  section  on  *^  Magnetism  as  a  cosmical  force,*'  as 
follows,  page  55 :  ^ 

We  ran  not  directly  point  out  magnetic  action  of  an  extra-terrestrial  source,  but 
we  recognize  in  the  variable  state  of  the  body  of  our  earth  undoubtedly  the  play  of 
cosmical  forces.  EspeciaUy,  the  so-called  disturbances  in  the  terrestrial  system  of 
the  lines  of  force  can  probably  be  referred  to  the  impressed  action  of  the  external 
heavenly  bodies.  Thus  magnetism  is  a  powerful  cosmical  bond  which  unites  world 
with  world. 

The  most  comprehensive  summary  of  the  experimental  and  specula- 
tive aspects  of  the  problem  up  to  about  fifteen  years  ago  is  to  be  found 
in  the  ninth  edition  of  the  Encyclopaedia  Britannica,  article  "Meteor- 
ology," by  Balfour  Stewart,  where  the  complexity  pertaining  to  the 

'  Handbuch  der  austibenden  Witter uugskunde,  W.  J.  van  Bebber,  Stuttgart^  1885. 
«Lehrbuch  der  Meteorologie,  A.  Sprung,  Hamburg,  1885. 
9  Magnetische  Kraftfelder,  H.  Ebert,  Leipzig,  1896. 
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entire  sabject  is  presented  to  tbe  reader.  In  order  to  concentrate  our 
discoflsion,  that  article  will  be  chiefly  referred  to  as  containing  gen- 
erally those  views  of  the  subject  which  it  has  been  the  object  of  this 
research  to  improve  upon  as  far  as  possible.  Oar  critical  remarks  are 
intended  to  be  directed  against  these  expressions  by  Balfonr  Stewart 
si)ecifically  only  in  so  far  as  they  broadly  represent  the  opinions  of 
investigators.  After  reviewing  the  evidence  his  final  summary  is, 
page  181 : 

On  tbe  whole,  wo  may  conclade  that  the  meteorological  motions  and  proceesoB  of 
the  earth  are  probably  more  active  at  times  of  maximum  sun  spots  and  that  they 
agree  with  the  mngnetical  phenomena  in  representing  the  sun  as  most  powerful  on 
such  occasions,  although  the  evidence  derived  from  meteorology  is  not  so  conclusive 
as  that  derived  ft'om  magnetism. 

BBMARK8  ON  FOUB  WOBKINa  HYPOTHESES. 

This  is  a  fair,  conservative  estimate  of  the  value  of  the  data  pre- 
sented in  preceding  investigations.  The  problem  now  before  us  is  to 
bring  the  subject  one  stage  nearer  to  demonstration  and  also  to  extract 
a  useful  working  process  that  will  contribute  to  weather  forecasting, 
especially  for  the  United  States.  As  preliminary  remarks  I  make  the 
following  observations:  There  are  four  historical  leading  working 
hypotheses  regarding  the  mode  of  the  physical  connection,  during  the 
synchronous  states  of  the  sun  and  the  earth  referred  to  above,  namely, 
(1)  the  direct  magnetic  action  of  a  solar  field  upon  the  terrestrial  mag- 
netic field;  (2)  assumed  electric  currents  in  the  upper  atmosphere,  due 
to  the  convective  currents  of  circulation;  (3)  Faraday's  displacement 
currents  of  magnetism,  due  to  the  local  and  general  heating  of  the 
oxygen  of  the  atmosphere;  (4)  the  thermoelectric  currents  in  the  body 
of  the  earth.  It  may  be  presumed  that  fdture  discussion  will  be  limited 
to  the  first  and  s.cond  views,  namely,  (1)  the  direct  action  of  a  solar 
magnetic  field,  and  (2)  the  indirect  effect  of  the  radiation  of  the  sun 
transmitted  to  the  earth's  magnetic  field  by  convective  air  currents. 
Whatever  truth  may  attach  to  the  second  view,  the  object  of  this  paper 
is  to  uphold  the  first  view  as  of  primary  importance.  It  is  not,  perhaps, 
possible  now  to  discriminate  accurately  to  what  extent  the  second  view 
expresses  some  of  the  facts  of  nature,  but  it  is  my  judgment  that  the 
first  view  was  prematurely  rejected,  in  consequence  of  two  or  three 
papers  written  on.the  subject,  and  that  the  evidence  in  favor  of  it  has 
not  been  suitably  considered.  It  is  one  of  the  cases  where  observa- 
tional data  must  outweigh  academic  discussion.  Probably  the  appar- 
ent strength  of  the  second  view  lies  in  the  process  of  exhaustion,  which, 
excluding  the  other  theories,  left  it  standing  alone,  although  it  may 
have,  in  fact,  such  arguments  in  its  favor  as  entitle  it  to  respectful 
consideration. 

Balfour  Stewart's  careful  summary  of  his  knowledge  of  the  variations 
of  the  terrestrial  magnetic  field  produces  upon  the  mind  of  tbe  reader 
only  a  hazy  conception  of  the  causes  at  work,  and  shows  that  the  sub- 
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ject  needs  furtber  analysis  for  its  satisfactory  elaoidation.  This  coald 
long  ago  have  been  readily  accomplished  by  constracting  the  systems 
of  deflecting  vectors  operating  upon  the  earth's  field,  as  in  this  paper. 
The  prevailing  metho<l  of  discussing  the  variations  of  the  component 
magnetic  elements  one  at  a  time,  however,  obscured  the  solution.  The 
analysis  in  the  following  chapters  shows  that  these  disturbing  vector 
systems  are  such  as  will  be  produced  if  the  earth,  as  a  i)ermeable  shell, 
is  placed  in  two  magnetic  fields,  with  their  axes  at  right  angles  to  each 
other :  (1)  the  first  axis  parallel  to  the  ecliptic,  and  the  field  causing  the 
diurnal  deflections  of  the  needle,  as  well  as  the  annual  changes  by  its 
movement  in  latitude  along  with  the  declination  of  the  sun;  (2)  the 
second  field  being  perpendicular  to  the  ecliptic,  primarily  static  and 
steady,  but  transmitting  large  and  small  perturbations,  the  great  depart- 
ures from  the  normal  state  of  the  polar  field  causing  the  observed  dis- 
turbances at  the  several  stations.  Having  these  concepts  in  mind,  it 
is  easy  to  see  that  many  of  the  perjjlexities  that  pervade  Balfour  Stewart's 
statement  of  the  case  readily  clear  themselves  up,  though  it  would 
require  more  space  than  is  appropriate  in  this  abstract  to  review  each 
point  in  detail. 

An  effort  must  be  made  to  counteract  the  a.  gaments  that  have  been 
widely  accepted  as  conclusive  against  the  hypothesis  of  the  direct  action 
of  the  sun  as  a  magnet  on  the  earth's  magnetic  field  and  as  the  true 
source  of  some  of  the  observed  deflections  of  the  needle.  It  seems  to  be 
the  best  course  to  endeavor  to  supplement  any  arguments  with  such 
positive  proof  of  direct  action  in  our  observed  phenomena  as  will  neces- 
sarily carry  along  conviction  of  the  fact  itself.  The  remainder  of  this 
paper  apparently  contains  such  a  demonstration,  and  therefore  renders 
further  argument  superfluous.  But  first  it  may  be  well  to  examine 
briefly  the  negative  arguments  which  now  stand  in  the  way  of  the 
acceptance  of  this  view  as  the  proper  explanation  of  some  of  the 
observed  changes  in  the  terrestrial  magnetic  field. 

EXAMINATION  OF  FOTR  ARGUMENTS  USED  AGAINST  THE  HYPOTHESIS 
OF    THE   DIRECT   MAGNETIC   ACTION   OF   THE   SUN. 

/.  Tempi' ruiure  anfument. — It  is  stated  by  Balfour  Stewart  jw*  follows 
(Enc.  Brit.,  p.  181): 

Wo  have*  not  advocated  any  direct  magnetic  action  of  the  sun  upon  the  earth, 
becausH  i:  .'in  what  we  now  kuow  of  the  sun  it  appears  to  ns  unlikelj'  that  it  should 
exeroiHC  an  iullneucc  of  this  nature  upon  the  earth,  since  a  body  at  a  high  tempera- 
ture possessing  very  strong  magnetic  properties  is  onknewn  to  us. 

It  is  evident  that  the  earth  iUelf  was  overlooked  in  this  conuectioii. 
According  to  received  geological  evidence,  the  interior  of  the  earth  is 
excessively  hot,  and  yet  a  permanent  magnetic  field  of  considerable 
intensity  is  sustained  by  it,  the  field  apparently  having  its  seat  in  the 
material  which  constitutes  the  earth's  nucleus.  We  shall  show  later  on 
that  the  lines  of  the  external  fields  in  which  the  earth  is  immersed  are 
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deflected  arouud  a  large  nucleus,  and  their  configuration  no  doubt  out- 
lines the  extent  of  the  heated  material.  An  ordinary  steel  magnet  is 
merely  an  induced  arrangement  of  molecules  and  does  not  exhibit 
exclusively  all  the  iwssible  magnetic  states  of  the  matter.  There  is  jio 
necessary  inference  to  be  drawn  from  common  magnets,  in  their  rela- 
tion to  temperature  changes,  that  such  primary  bodies  as  the  sun  may 
not  possess  magnetic  force  among  their  potentialities,  even  at  high 
temperatures.  When  the  deflecting  force  of  a  magnet  diminishes  under 
an  increase  of  temperature  of  the  medium  in  which  it  is  immersed  the 
nature  of  the  lines  of  force  in  the  medium,  as  well  as  the  molecular 
structure  within  the  magnet,  are  to  be  considered.  Whenever  physicists 
explain  the  real  nature  of  the  ether  stresses  constituting  a  line  of  mag- 
netic force  we  may  take  the  next  step  in  clearing  up  this  difficulty. 
At  present  we  know  at  least  tliat  an  increase  of  temperature  dimin- 
ishes the  strength  of  the  magnetic  field ;  on  the  other  hand,  that  an 
increase  of  the  strength  of  the  field  diminishes  the  temperature  of  the 
medium.  The  immediate  line  of  argument  followed  in  this  paper  is 
,tlie  simple  fact  that  increase  of  strength  of  the  solar  magnetic  field 
is  accompanied  by  a  lowering  of  the  temperatui^e  of  the  atmosphere, 
and  hence  by  an  increased  tendency  to  build  high-pressure  areas,  in 
the  convectional  circulation,  especially  in  certain  well-defined  polar 
localities. 

2.  The  diurnal  variations  argument. — In  the  Phil.  Trans.  1863,  p.  603, 
Charles  Chambers,  in  his  paper  ''  On  the  nature  of  the  sun's  magnetic 
action  upon  the  earth,"  argues  from  the  comparison  of  certain  compo- 
nent forces  derived  from  the  sun  as  a  magnet,  with  the  observations  at 
two  stations,  Toronto  and  St.  Helena,  that  the  evidence  is  against  any 
appreciable  direct  action.  (26.27).  It  may  be  pointed  out  in  reply 
that  the  conception  of  the  origin  of  the  disturbing  forces  employed  in 
that  paper  does  not  apply  to  the  diurnal  variations  at  all,  because,  as 
will  be  shown,  the  diurnal  vector  system  depends  exclusively  upon  the 
sun's  electromagnetic  or  sunlight  field,  which  is  a  radial  field  and 
apparently  induces  in, the  ether  an  efficient  polarization,  in  respect  to 
exploring  magnets  on  the  surface  of  the  earth.  Chambers  thought 
that  the  diurnal  variations  of  the  needle  and  the  disturbances  had  the 
same  source;  it  is  our  purpose  to  show  that  they  have  difl^erent  sources, 
and  that  the  failure  to  explain  the  diurnal  variation  by  direct  action  of 
the  sun  as  a  magnet  is  really  no  argument  against  such  action  if  it 
shows  itself  as  a  difierent  vector  system.  Hence  the  logic  of  that 
paper  is  in  fault,  if  the  position  taken  in  this  report  is  correct.  Airy's 
conjecture  of  a  ^'magnetical  ether,"  (same  vol.  Phil.  Trans.,  p.  646,)  is 
much  nearer  the  mark.  Since  Maxwell  and  Hertz  have  given  evidence 
of  the  existence  of  such  an  electromagnetic  field,  the  burden  of  proof 
is  precisely  the  other  way.  We  should  expect  to  find  marks  of  the 
action  of  this  radiant  magnetic  field  on  the  normal  magnetic  field  of 
the  earth,  and  my  analysis  of  observations  is  wholly  in  accord  with 
10305— No.  21 ^2 
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such  possible  effects.  The  diarnal  variations  of  the  needle  are  not  due 
to  the  direct  magnetic  action  of  the  sun  by  means  of  an  ordinary 
carved  polar  field,  but  they  are  the  results  of  the  stresses  of  the  ether, 
polarizations  or  displacements,  caused  by  the  immensely  rapid  electro- 
magnetic vibrations,  whose  magnetic  induction  integrates  into  a  practi- 
cally steady  field,  relatively  to  magnets  of  more  than  atomic  dimensions. 
3.  The  argument  that  this  hypothesis  is  unnecessary* — ^Balfour  Stewart 
says,  in  Enc.  Brit.,  p.  181 : 

In  fine,  without  presaining  to  deuy  the  possibility  of  anknown  influences  of  this 
nature,  it  does  not  appear  to  us  that  the  time  has  arrived  when  we  are  called  upon 
to  resort  to  such  as  necessary  aids  to  the  discovery  of  further  truths. 

This  implies  the  consideration  that  the  ordinary  diurnal  variations 
and  the  disturbances  find  their  explanation  in  the  assumed  electric  cur- 
rents of  the  upper  air,  due  to  the  convectional  cun*ents  of  the  atmos- 
pheric circulation.  We  have  to  remark  that  the  difQculty  which  he 
mentions  in  section  121  of  conceiving  such  a  system  of  currents  as 
would  account  for  the  facts,  is  pushed  to  the  point  of  breaking  down 
this  second  hyi^othesis  by  the  analysis  of  the  following  chapters.  The 
systems  of  currents  supi>osed  by  him  in  sections  125  and  132  can  not 
be  made  to  conform  to  the  complicated  requirements  of  the  case.  Con- 
sidering the  great  complexity  of  the  vector  systems,  taken  separately, 
charts  8  to  16,  inclusive,  we  have  only  to  add  that  these  must  be  super- 
posed upon  each  other  and  accounted  for  together  by  the  proposed  sys- 
tem of  electric  currents.  It  will  be  shown  in  the  last  chapter  that  there 
is  yet  another  important  term  to  be  introduced,  namely,  the  periodic 
inversion  of  the  deflecting  forces,  before  the  observed  disturbances  are 
fully  explained.  The  needle  experiences  the  diurnal  deflection  at  any 
given  station  by  the  action  of  the  electromagnetic  vector  system;  this 
changes  with  the  seasons  of  the  year,  because  the  aspect  of  the  earth's 
field  goes  through  an  annual  period  relatively  to  the  axis  of  the  radi- 
antly polarized  ether;  sux>erposed  upon  this  is  the  polar  magnetic  field, 
bearing  the  normal  variations  from  longitude  to  longitude  on  the  sun; 
likewise  the  great  disturbances  which  widely  deflect  the  needle,  accord- 
ing to  the  usual  laws  of  the  comx)osition  of  forces;  finally,  the  annual 
change  of  the  aspect  of  the  earth's  field  to  this  polar  magnetic  field 
introduces  a  modification  which  will  be  considered  under  the  subject  of 
inversion  of  type.  Now,  when  we  attempt  to  refer  the  almost  contin- 
uous fluctuations  of  the  polar-magnetic  field,  with  its  minute  interac- 
tions on  the  other  fields,  namely,  the  normal  terrestrial  and  the  solar 
electromagnetic  at  the  several  stations  in  each  hemisphere,  it  may  be 
said  that  anyone  familiar  with  the  facts  will  despair  of  locating  the  elec- 
tric currents  in  the  earth's  upper  atmosphere,  capable  of  inducing  these 
magnetic  forces,  not  to  speak  of  assigning  suitable  physical  causes  for 
the  currents  themselves. 

This  difficulty  is  greatly  increased  when  we  compare  the  electric  cur- 
rents equivalent  to  the  given  magnetic  vectors,  and  which  may  possibly 
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be  mapped  out,  with  the  observed  curreota  of  the  meteorological  atmos- 
pheric circnlatioD.  Tliat  some  impulses  derived  from  the  systems  of 
impressed  externa)  magnetic  forces  should  exist  within  the  earth's 
atmosphere,  especially  at  the  sensitive  spots,  is  certainly  rational;  long 
continued  and  general  movements  of  the  air  may  correspond  with  the 
permanent  conditions  of  the  solar  field;  but  to  suppose  such  a  vibra- 
tory atmospheric  circulation  as  matches  the  quick  periodic  and  aperi- 
odic changes  observed  in  the  earth's  magnetic  field  demands,  at  least, 
a  specific  description  of  the  atmospheric  currents  involved  in  the  opera- 
tion. The  more  we  pass  from  vague  general  ideas  about  these  currents 
to  details,  the  less  appears  the  probability  of  the  truth  of  the  second 
hypothesis,  as  the  cause  of  the  phenomenon. 

4,  Tlie  intensity  of  solar  magnetization  argument, — The  note  by  Prof. 
W.  Thomson,  Phil.  Trans.  1863,  p.  616,  has  been  many  times  repeated 
in  substance  in  various  forms,  namely,  that  any  reasonable  magnetiza- 
tion which  can  be  assigned  to  the  sun  is  incompatible  with  the  effects 
observed  in  the  earth's  magnetic  field,  especially  during  disturbances. 


Formula  for 

equatorial  force. 
I,  for  fl =900.] 
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F. 

I 

824 
11768 

I 
.079 

I 
1390 

r  ^92, 887,000  miles. 
B=      433,250  miles. 

Iformal.... 

0.00035 
0.00500 

10130 
148000 

0.69 

8.47 

1^-214.4 

Storm 

The  two  cases  of  the  normal  field  and  the  severe  disturbances  will  be 
shown  in  the  computations  of  chapter  4  to  give,  at  the  earth's  distance 
from  the  sun,  and  for  the  sun's  polar  distance  0  =  90^,  F©  =  0.00036  and 
0.00600  C.  G.  S.,  respectively.  The  magnetization  of  the  sun  by  the 
usual  formula  as  above  is  about  800  and  12,000  C.  G.  S.,  respectively; 
this  is  10,000  and  160,000  times  the  magnetization  of  the  earth;  only  0.6 
and  8.5  times  that  of  saturated  steel.  The  observations  show  that  usu- 
ally the  magnetization  of  the  sun  is  less  than  that  of  steel,  but  may 
become  ten  times  as  much  in  extreme  disturbances.  Professor  Thom- 
son said  in  the  note  referred  to,  "  the  sun's  magnetism  would  therefore 
need  to  be  120  times  as  intense  as  the  earth's  to  produce  a  disturbance 
of  1'  in  declination  even  by  a  complete  reversal  in  the  most  favorable 
circumstances."  The  observational  data  leads  us  to  believe  that  the 
sun  is  continuously  magnetized  about  eighty  times  as  strong  as  this 
specified  amount,  and  therefore  we  conclude  that  this  negative  argu- 
ment is  not  such  as  to  exclude  the  hypothesis  of  direct  action.  The 
upper  limit,  ten  times  that  of  steel,  we  need  not  reject  as  irrational.  It 
may  lead  to  some  revision  of  current  theories  regarding  the  magnetic 
nature  of  solar  material,  but  that  is,  under  the  circumstances,  the  most 
plausible  course  to  pursue. 
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REVIEW  OF   THE   STATUS  OF   THE.  EARTH   MAGNETIC   PBOBLBM. 

A  brief  review  of  the  results  of  several  recent  discussious  of  the  earth's 
magnetic  potential  may  serve  to  exhibit  more  clearly  the  bearing  that 
this  investigation  has  upon  the  solution  of  the  problem  in  general. 
Gauss  made  an  important  advance  over  his  predecessors  by  applying 
the  harmonic  analysis  to  the  distribution  of  the  earth's  x>oteutia]. 
Approximate  reproductions  of  the  normal  terrestrial  magnetic  deld 
had  been  made  (1)  by  substituting  hypothetical,  small  magnets  near 
the  earth's  center  j  (2)  by  the  method  of  distributing  magnetic  material 
on  the  surface;  (3)  by  the  method  of  displacement,  and  (4)  by  the 
equivalent  electric  currents  circulating  around  the  magnetic  axis. 
These  suppositions  approximated  only  roughly  to  the  observed  values  of 
the  magnetic  forces.  Gauss  assumed  that  the  earth  has  a  magnetic 
potential,  that  it  is  heterogeneous,  wholly  within  the  surface  and, 
carrying  the  solution  to  the  terms  of  the  fourth  order,  found  a  result  in 
better  agreement  with  the  observations.  {Oauss.  AUgemeine  Theorie 
des  Erdmagnetismus,  1838.)  After  the  lapse  of  thirty  years  Erman  and 
Petersen  availed  themselves"  of  the  large  number  of  additional  obser- 
vations which  had  been  made,  and  repeated  the  harmonic  computation 
along  lines  similar  to  that  of  Gauss.  They  hoped  that  a  substantial 
improvement  would  be  x)ossible  by  the  use  of  more  accurate  observa- 
tional data,  and  in  this  they  were  partially  successful.  {Erman  uud 
Petersen.  Die  Grundlagen  der  gaussischen  Theorie  und  die  Erscheinun- 
gen  des  Erdmagnetismus  im  Jahre,  1829;  Berlin,  1874.)  The  com- 
parison is  given  in  their  Table  13  between  the  old  and  new  theories, 
but  it  is  clear  that  the  residuals  are  still  too  large  to  be  considered 
satisfactory. 

The  next  advancement  was  made  by  Professor  Schuster  in  his  paper 
on  the  "Diurnal  variation  of  terrestrial  magnetism"  (Phil.  Trans.  Roy. 
Soc.  London,  1889),  in  which  he  moditied  the  theory  that  the  potential 
is  confined  to  the  inside  of  the  earth  and  computed  the  potential  of  the 
disturbing  forces  of  the  diurnal  variation  on  two  suppositions,  (1)  that 
it  is  inside,  and  (2)  that  it  is  outside  the  earth.  Bis  conclusion  is  as 
follows,  page  468 : 

The  agreement  Beemed  to  me  to  be  snfficiently  good  to  justify  the  concluBioii  that 
the  greater  part  of  the  variation  is  due  to  causes  outside  the  earth's  surface.  *  *  * 
The  results  of  the  calcuhition  point  not  only  to  an  external  source,  but  to  an  aildi- 
tional  internal  source,  standing  in  fixed  relationship  to  the  external  cause.  This 
we  might  have  expected.  A  varying  potential  due  to  external  causes  must  bo 
accompanied  by  currents  induced  in  the  earth's  body,  which,  in  tonii  must  affect 
the  magnetic  needle. 

The  author  attributes  this  external  potential  to  electric  currents  in 
the  atmosphere,  made  possible  by  its  being  in  a  peculiarly  *^  sensitive 
state."  I  shall  venture  to  suggest  one  or  two  criticisms  on  this  valuable 
paper:  (1)  Schuster  depends  upon  four  stations — Bombay,  Lisbon, 
Greenwich,  and  St.  Petersburg — for  the  coefficients  of  the  diurnal  varia- 
tions, these  belonging  to  the  midlatitude  belt,  and  having,  by  chance^ 
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the  same  distribution  of  the  vertical  component.  But  by  comparing  my 
globe  model  (see  chapter  4)  with  them,  it  is  seen  that  the  total  vectors 
are  qnite  differently  disposed  in  the  equatorial  zone  and  entirely  differ- 
ent in  the  polar  zone  from  those  in  the  midlatitude  zone.  In  short, 
Bombay  should  not  be  included  with  the  other  stations  in  the  same 
vector  system.  It  appears,  therefore,  that  his  extrapolation  from  pole 
to  pole,  page  477  et  al.,  was  not  proper,  the  reduction  given  being  true 
for  the  midlatitude  zones,  north  and  south,  and  only  approximately  so 
near  the  equator. 

On  comparing  his  fig.  12,  page  508,  with  the  globe  model,  it  is  per- 
ceived that  we  have  arrived  at  nearly  the  same  distribution  of  the 
vertical  components,  after  translating  the  stream  lines  of  Schuster's 
current  function  into  equivalent  magnetic  force;  but  the  vectors  are 
really  very  different,  because  the  horizontal  component  is  lacking  in 
his  diagram.  There  is,  undoubtedly,  an  exceedingly  close  connection 
between  the  diurnal  circulation  of  the  winds  and  this  magnetic  distri- 
bution, as  Schuster  mentions,  in  the  midlatitude  and  also  in  the  polar 
zones.  My  belief  is  that  this  convectional  circulation  of  the  atmosphere 
is  the  cause  of  the  shifting  of  the  magnetic  system  from  a  symmetrical 
distribution  about  the  noon  meridian  into  the  observed  eccentric  posi- 
tion. It  might  plausibly  but  incorrectly  be  interpreted  as  a  lag  angle 
due  to  the  rotation  of  the  earth.  According  to  cloud  observations,  at 
the  10  a.  m.  hour  there  is  formed  a  circulation  like  a  high-pressure 
area,  and  at  6  p.  m.  another  like  a  low-pressure,  the  winds  circulating 
from  the  high  to  the  low  by  two  paths,  the  short  one  from  west  to 
east  across  the  noon  meridian,  and  the  second  by  a  longer  path  cross- 
ing the  midnight  meridian.  The  subject  is  interesting  but  difficult, 
and  is  reserved  for  further  examination  in  connection  with  our  cloud 
observations. 

In  order  to  account  for  the  electric  currents,  Schuster  works  out 
another  hypothesis,  namely,  the  theory  of  the  earth  as  a  magnet  rotat- 
ing in  a  medium  of  electric  conductivity,  in  Terrestrial  Magnetism, 
vol.  1,  p.  1,  on  "Electric  currents  induced  by  rotating  magnets,  and 
their  application  to  some  phenomena  of  terrestrial  magnetism."  The 
conclusion  is  that  some  evidence  exists  for  the  conductivity  of  the  ether, 
and  if  this  is  the  case  it  is  in  harmony  with  the  observed  phenomena  of 
the  secular  variation  of  the  earth's  magnetism.  Whatever  truth  may 
finally  be  awarded  to  these  two  working  hypotheses  of  Professor 
Schuster,  it  is  proper  to  state  the  position  assumed  in  this  bulletin  as 
a  substitute  for  them,  especially  as  the  theory  of  electric  currents  in 
the  upper  atmosphere  is  quite  commonly  adopted  as  the  explanation  of 
the  observed  phenomena.  The  actual  facts  can  be  accounted  for  either 
by  an  external  magnetic  field  or  by  an  equivalent  system  of  electric 
currents.  The  variation  of  either  of  these  systems  of  forces  induces 
currents  in  the  earth,  which,  in  turn,  affect  the  position  of  the  needle. 
My  effort  has  been  to  endeavor  to  show  that  this  external  field  has  charac- 
teristics which  are  entirely  incompatible  with  a  field  induced  by  electric 
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currents  whose  seat  f«  tcithin  the  earth^s  atmosphere.     The  phenomena  of 
periodicity  in  solar  periods  and  of  inversion  of  tlie  typical  curve  semi- 
annually are  regarded  as  evidence  of  this  position.    This  thesis  will  be 
maintained  in  the  following  pages. 

Adolf  Schmidt  has  recently  completed  a  rediscnssion  (Neue  Berech- 
uung  des  Erdmagnetischen  Potentials,  1895)  in  which  distinct  provision 
was  made  in  the  harmonic  analysis  for  (1)  an  inside  potential,  (2)  an 
outside  potential,  and  (3)  for  vertical  earth-air  electric  currents.  His 
conclusion  is  as  follows,  based  upon  the  best  series  of  observations 
available,  and  including  harmonic  terms  of  the  sixth  order: 

Die  empirisch  feBtgestellte  Verteilnng  der  erdmagnetischen  Krafte  in  dor  Erdo- 
borflUcbo^  wio  sie  durch  Dr.  Neumayers  Karten  fiir  deu  Angenhlick  1885.0  dargestellt 
wird,  beruht  zwar  vorwiegend  auf  Ursachen,  deren  Sitz  im  Erdinnern  liegt,  kiuiu 
aber  uicbt  ausscbliesslich  aaf  solcbe  zariickgefiibrt  werden.  Ein  kleiner  Teil  der 
Kraft  (etwa  1-40  dea  ganzen  Bctrages)  ist  Ursachen  ausserbalb  der  Erdoborfliicbe 
zuzuscbreiben  ;  ein  weiterer,  uocb  otwas  grusserer  Teil  (anf  eine  Fb'lcbe  von  einoni 
Quadratkiloniet^r  koninit  daber  darcbscbnittlicb  ein  Strom  von  1-6  Ampere)  dent-et 
anf  elecktrincbe  Stromiingen  bin,  welcbe  diese  Flaobe  durcbdringen. 

It  may  be  noted  (1)  that  Professor  Eiicker  concludes  his  discussion 
of  the  results  of  the  magnetic  survey  of  Great  Britain  as  follows: 
"  The  local  magnetic  surveys  furnish  no  evidence  of  vertical  electric 
currents  in  the  United  Kingdom"  (Terr.  Mag.,  Vol.  I,  p.  83);  (2)  that 
Dr.  Bauer,  from  summations  of  magnetic  circuits  on  the  earth's  parallels, 
the  data  being  drawn  from  observations  compiled  into  charts,  finds, 
^'apparently,  an  appreciable  part  of  the  earth's  total  magnetism  can  be 
referred  to  an  eflFect  similar  to  that  of  vertical  electric  currents.  The 
average  intensity  of  these  currents  for  the  region  between  60^  N.  and 
60O  S.  would  be  about  one-tenth  of  an  ampere  per  square  kilometer  of 
surface"  (Terr.  Mag.,  Vol.  II,  p.  21);  (3)  furthermore,  Schuster  remarks 
(Terr.  Mag.,Vol.  I,  p.  16): 

If  we  could  adopt  Dr.  Scbmidt^s  nnmbers  as  final,  tbey  would  show  that  the 
outside  magnetic  potential  is  displaced  toward  tbe  ecLsU  Sucb  an  ofTect  iiiigbt  be 
produced  by  currents  induced  in  a  medium  rotating  more  rapidly  tban  tbe  eartb, 
wbicb  might  be  tbe  case  if  tbe  upper  currents  of  tbe  atmospbere  bad  a  general  drift 
from  west  to  east.  The  displacement  of  tbe  outside  potential,  according  to  Dr. 
Scbmidt,  is,  however,  grenter  tban  90^,  which  is  difficult  to  reconcile  with  tbe 
hypothesis  of  induced  currents  nnder  any  circumstances. 

Dr.  von  Bezold  attempted  to  analyze  the  earth's  magnetic  potential 
as  a  sine  distribution  about  the  axis  of  rotation.  (Sitz.-Ber.  Berlin, 
1895,  p.  363.)  Dr.  Schmidt  concludes  his  examination  of  this  question 
of  distribution  relatively  to  the  rotational  and  other  axes:  "No  argu- 
ment favorable  to  the  assumption  can  be  drawn  that  the  principal  iiart 
of  the  terrestrial  magnetic  force  stands  in  any  relation  to  the  rotation 
of  the  earth."    (Terr.  Mag.,  Vol.  I,  p.  27.) 

y.  Garllieim-Gyllenskold  makes  the  following  remarks  regarding  the 
origin  of  the  disturbing  forces  in  his  paper  "L'attraction  magn^tique 
delaterre,"1896: 

Any  completo  theory  of  tbe  magnetic  attraction  of  tbe  earth  appears  to  be  possible 
only  on  tbe  condition  that  tbe  observed  effects  result  from  a  cause  acting  regularly 
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and  continuously  in  the  same  manner  (p.  29).  In  onr  view^  the  phenomenon  of  the 
eecnlar  variations  of  the  magnetization  of  the  earth  is  a  great  phenomenon  of  electro- 
magnetic induction  operating  in  the  rarefied  layers  of  the  atmosphere,  put  in 
motion  by  the  rotation  of  the  earth  (p.  32).  If  the  relative  movement  of  the  upper 
layers  of  Ihe  atmosphere  is  directed  in  the  opposite  sense  to  the  diurnal  motion,  the 
observed  movements  of  fii^  conform  to  the  theory. 

It  is,  however,  a  well-known  meteorological  fact  that  the  relative 
motions  of  the  upper  atmosphere  are  all  eastward  and  not  westward, 
as  required  by  Gyllenskold's  view. 

In  a  more  recent  paper  (Zur  Theorie  des  Erdmagnetismus,  1897)  von 
Bezold  integrates  through  several  circuits  on  the  surface  of  the  earth  for 
vertical  currents,  and  concludes  that  the  errors  of  observation  are  such 
that  the  material  afl'ords  only  indecisive  results  (p.  5)j  that  the  great 
ocean  areas  preclude  observations  to  such  an  extent  as  to  invalidate 
the  application  of  the  method  to  a  circle  of  latitude  (p.  G);  that  when 
applied  to  small,  well-surveyed  circuits  the  departure  of  the  sum  from  0 
is  well  within  the  limits  of  error  of  observation,  being  about  1  per 
cent  (pp.  8,9);  but  that  further  extension  of  the  theorem  to  small 
areas  is  to  be  encouraged.  Eegarding  the  Schuster  horizontal  currents, 
von  Bezold  tinds  some  resemblance  between  the  nvagnetic  and  the 
meteorological  diurnal  variations,  but  sees  a  difficulty  in  the  fact  that 
Schuster's  currents  require  one  cyclone  and  one  anticyclone  in  each 
hemisphere,  while  the  conditions  of  solar  radiation  would  give  only  one 
of  each  kind  for  the  northern  and  the  southern  hemispheres  combined. 

Quite  recently  (1897)  Dr.  H.  Fritsche  has  recomputed  the  Gaussian 
Constants  to  terms  of  the  sixth  order,  depending  upon  the  Neumayer 
Charts,  1885.0,  beyond  which  development  it  is  shown  to  be  analytically 
disadvantageous  to  go.  The  outcome  is  a  decided  improvement  in  the 
representation  of  the  distribution  of  the  earth's  magnetism  for  that 
epoch,  but  the  question  of  the  causes  of  the  variations  and  the  disturb- 
ances is  not  considered. 

This  brief  summary  of  the  latest  investigations  of  the  causes  of  the 
disturbances  of  the  needle  indicates  that  while  the  theory  of  atmos- 
pheric electric  currents  is  the  favorite  one,  yet  the  efibrt  to  employ  it 
leads  to  uncertain  and  even  contradictory  conclusions.  Having  thus 
reviewed  the  status  of  the  problem,  we  proceed  to  an  exposition  of  the 
arguments  in  favor  of  the  alternate  hypothesis  of  the  earth  immersed 
in  two  external  solar  magnetic  fields. 

GENERAL  NATURE  OF  THE  PROBLEM. 

In  the  papers^  already  published  such  considerations  and  conclusions 
have  been  reported  regarding  this  solar-terrestrial  problem  as  seemed 
justified  by  the  developments  secured.     While  indicating  progress  in 

»Amer.  Journ.  Sci.,  Nov.,  1890;  July,  1891;  Sept.,  1891;  Dec.,  1894;  Aug.,  1895. 
Astron.  and  Astro.  Phys.,  Feh.,  1893;  Oct.,  1893;  Nov.,  1893;  Jan.,  1894.  Aetr.  Soc. 
Pac,  No.  14, 1891;  No.  16, 1891.  Amer.  Metl.  Joorn.,  Jan.,  1892;  S«pt.,  1893;  Jan., 
1894 ;  Jan.,  1896.  Smithsonian  Instn.  Monograph,  Oct.,  1889.  Weather  Bureau  Bui- 
letins,  No.  2,  1892;  No.  20,  1896.    Science,  Oct.  18,  1895;  July  17,  1896. 
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the  research;  they  were  lacking  in  completeness  for  two  reasons :  First, 
because  the  bulkiness  of  the  details  of  computation  precluded  a  suffi- 
cient reproduction  of  the  data  upon  which  conclusions  were  based  to 
satisfy  the  reader;  and  second,  because  the  statements  of  subordinate 
parts  could  not  be  made  in  reference  to  the  general  result,  since  the 
final  solution  of  the  problem  had  not  yet  been  attained.  The  difficulty 
of  presenting  the  computation  remains,  but  an  eiibrt  will  be  made  to  fur* 
nish  such  specimens  of  it  as  will  permit  an  accurate  inference  regarding 
the  character  of  the  data,  especially  in  the  critical  parts  of  the  work. 
This  particularly  applies  to  the  period  of  the  solar  rotation,  the  discus- 
sion of  the  normal  solar  curve,  the  law  of  the  inversion  of  the  same, 
and  origin  of  the  great  magnetic  disturbances.  It  is  likewise  believed 
that  a  clear  conception  of  the  general  problem  in  relation  to  its  parts 
has  been  secured,  so  that  the  descriptions  will  be  now  more  definite. 
The  discovery  of  the  phenomenon  of  inversion  of  the  solar  curve  threw 
the  research  into  cibnfusion,  and  as  long  as  a  rational  explanation  of  it 
was  wanting,  progress  was  naturally  much  impeded.  This  difficulty 
has,  however,  yielded  and  disclosed  a  law  in  harmony  with  the  ante- 
cedent analysis,  such  that  it  not  only  confirms  previous  results,  but 
furnishes  a  delicate  test  of  the  fact  of  the  direct  action  of  the  sun  as  a 
magnet  upon  the  earth. 

The  greatest  obstacle  in  the  way  of  conducting  this  research  to  a  con- 
clusion consists  in  the  loonenesi  that  pervades  the  entire  series  of  solar 
and  terrestrial  observations.  This  is  not  due  to  the  instrumental  inac- 
curacies, but  inheres  in  the  nature  of  the  ])hysical  forces  to  be  meas- 
ured. The  great  distance  of  the  earth  from  the  sun  of  course  reduces 
the  magnetic  force  to  a  very  small  quantity;  the  variability  of  the  solar 
output,  including  small  abnormalities  and  great  perturbations,  serves 
to  mask  its  normal  field;  the  interaction  of  two  magnetic  fields, having 
regard  to  the  aspects  of  the  sun  and  the  earth  in  their  orbital  revolu- 
tion, introduces  a  curious  system  of  efi'ects  on  the  instruments  at  our 
stations;  the  measurement  of  the  transformed  magnetic  energy  con- 
tained in  the  meteorological  elements  is  seriously  impeded  by  the  strong 
convectional  currents  of  the  ordinary  circulation  of  the  atmosphere.  In 
laying  out  the  policy  to  be  pursued  in  conducting  the  investigation  it 
was  decided  to  rely  upon  a  very  large  exhibit  of  observations  rather 
than  upon  any  theory  regarding  them,  and  accordingly  the  entire  mass 
of  magnetic  and  meteorological  data  available  has  been  examined  for 
this  purpose.  It  has  now  become  easy  to  perceive  continuous  symp- 
toms of  the  action  of  the  solar  forces  after  having  ascertained  the  laws 
that  govern  them,  but  a  full  verification  of  the  work  by  others  will 
involve  an  extensive  use  of  the  same  observations. 

In  order  to  facilitate  the  description  of  the  solution  of  the  problem, 
a  free  allusion  will  be  made  to  the  following  conclusions,  which  form  the 
main  features  in  the  solar-terrestrial  problem : 

1.  The  sun  emits  two  magnetic  fields  of  force: 

(1)  The  electromagnetic,  in  radial  vibrations. 
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(2)  The  polar,  in  curved  lines  of  convergence. 

2.  These  fields  are  each  distorted  in  the  neighborhood  of  the  earth, 
as  if  it  were  a  shell  of  permeable  material,  one-fifth  the  radius  in  thick- 
ness, placed  in  the  paths  of  the  undisturbed  lines. 

3.  The  force  of  the  normal  polar  field  of  the  sun  is  at  the  distance  of 
the  earth  represented  by  a  periodic  curve,  the  synodic  period  being 
26.68  days. 

4.  This  normal  type  curve  undergoes  inversion  in  a  semiannual 
period,  and  is  a  simple  efi'ect  within  the  terrestrial  magnetic  field,  due 
to  the  orbital  aspects  of  the  earth  and  the  sun,  as  regards  their  mag- 
netic lines. 

5.  The  same  typical  normal  curve  exists  in  the  atmospheric  pressures 
and  temperatures,  especially  of  the  west  Canadian  Provinces,  together 
with  the  synchronous  inversion. 

6.  The  effect  upon  the  general  circulation  of  the  currents  of  air  is  to 
facilitate  the  formation  of  highs  and  lows  in  a  sequence  prompted  by 
the  solar  magnetic  forces. 

7.  This  leads  to  a  theory  of  atmospheric  circulation  differing  consid- 
erably from  FerrePs  and  from  Hann's  well-known  views,  but  embodying 
the  important  facts  of  each,  together  with  certain  additional  features. 

SUMMARY  OF  THE  RESULTS  OF  PREVIOUS  RESEARCHES. 

Current  scientific  opinion  regarding  the  reach  of  the  sun's  magnetic 
field,  if  it  exists,  into  space  so  far  as  to  embrace  the  earth  has  unfortu- 
nately been  molded  into  an  attitude  on  the  whole  unfavorable  to 
accepting  the  view  just  outlined.  This  impression,  however,  may  prop- 
erly be  revised,  in  view  of  the  great  progress  that  has  been  made 
toward  a  fair  understanding  of  the  properties  of  the  interstellar 
medium.  Electromagnetic  radiation  requires  an  ether  of  enormous 
intrinsic  potential  power,  and  cosmical  space  is  no  longer  to  be  con- 
ceived as  filled  with  a  thin  or  vacuous  substance;  matter  is  the  prod- 
uct of  the  ether,  rather  than  indifferent  to  it;  to  supplement  these 
views,  a  polar  system  of  magnetic  force  should  now  be  added,  having 
the  sun  as  its  seat  of  magnetization.  Polarization,  displacement,  charge, 
number  of  lines  of  force  per  unit  volume,  are  varying  expressions  for 
one  fundamental  property.  The  static  and  dynamic  states  have  less 
need  to  stand  over  against  each  other  as  distinct  ideas,  just  as  poten- 
tial and  kinetic  energy  show  a  decided  tendency  to  be  iterged  into  one; 
it  is  quite  probable  that  dynamic  concepts  will  finally  absorb  the  static 
and  potential,  as  merely  limiting  cases  in  the  analysis.  If  it  is  ])roven 
that  the  sun  sustains  static  polar  magnetic  lines,  which  are  traversed 
by  occasional  transient,  variable,  currents,  as  well  as  the  radiating  shells 
of  electromagnetic  energy,  to  the  distance  of  the  earth,  then  this  must 
be  an  important  factor  in  the  final  solution  of  the  i>roblems  of  the  ether, 
and  the  nature  of  electricity  and  magnetism. 

More  especially,  the  objections  to  making  the  sun  the  scat  of  a  field 
of  polar  magnetic  force  have  been  threefold,  as  stated  above.    (1)  ^^If 
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the  snii  were  a  Hnturnted  steel  nmgiiet,  ciul  on  to  the  earth  and  then 
reversed,  the  needle  would  be  deflected  only  10'  in  are.''  The  substance 
of  this  argument  has  been  repeated  in  many  forms  during  the  past 
fifty  years.  Admitting  its  truth,  it  does  not  exclude  smaller  deflections 
in  the  earth's  magnetic  field  from  being  referred  to  such  solar  action. 
The  indications  are  that  certain  variations  of  the  needle  depend  upon  a 
solar  field,  sustained  by  a  magnetization  usually  less  than  saturated 
steel,  and  rising  above  it  only  temporarily,  in  great  disturbances.  (2) 
'^  Since  an  induced  steel  magnet  loses  its  magnetization  on  increasing 
the  temperature  above  a  certain  degree,  the  high  temperature  of  the 
sun  renders  its  own  magnetization  improbable."  This  argument  pro- 
ceeds on  the  assumption  of  an  extrapolation  of  certain  physical  prop- 
erties of  matter,  but  it  may  or  may  not  be  true.  It  is  offset  by  two 
leading  facts:  First,  the  earth  is  at  high  temperatures  in  the  interior, 
far  above  the  critical  temperature  of  the  steel  in  question,  and  yet  it 
sustains  a  permanent  magnetic  field,  so  that  a  steel  magnet  is  not  the 
true  analogue  to  the  sun,  but  rather  the  earth  itself.  Second,  a  careful 
discussion  of  the  curvatures  of  the  lines  visible  at  eclipses  within  the 
solar  corona,  shows  that  the  system  can  be  well  accounted  for  by  refer- 
ring it  to  the  equation  of  the  lines  of  force  surrounding  a  spherical 
magnet,  the  lines  being  seen  in  projection.  (3)  "The  amount  of  work 
done  in  sending  out  the  magnetic  waves  observed  in  great  disturbances 
can  not  conceivably  be  attributed  to  any  dynamical  action  within  the 
sun."  But  if  it  is  shown  that  certain  moderate  variations  of  the  earth's 
field  do  come  from  external  sources,  by  inference  the  sun,  then  in  the 
account  of  the  unusual  disturbances,  two  courses  are  open:  (1)  By  the 
discussion  of  the  deflecting  forces  to  prove  that  the  energy  does  come 
from  outside  the  earth,  in  accordance  with  which  result  the  physical 
laws  must  be  interpreted;  (2)  or  else  from  the  inside,  in  which  case  the 
causes  of  the  perturbation  of  the  earth's  permanent  magnetism  must 
be  investigated.  The  physical  properties  of  the  interior  of  the  sun  or 
the  earth,  as  the  case  may  be,  can  be  studied  as  the  results  depending 
upon  these  deflecting  forces  indicate,  but  the  whole  subject  being  a 
mere  question  of  fact,  no  hyx)othesis  should  form  a  barrier  to  an  impar- 
tial investigation  of  the  forces  themselves,  and  all  the  consequences 
flowing  from  them.  It  may  be  concluded  that  it  is  "a  i)erfectly  proper 
object  for  investigation  to  find  whether  there  is,  or  is  not,  any  disturb- 
ance of  terrestrial  magnetism,  such  as  might  be  produced  by  a  [con- 
stant] magnet  in  the  sun's  place."  (Kelvin,  Nature,  Vol.  XL VII,  p.  108.) 
The  positive  testimony  in  favor  of  the  direct  magnetic  action  of  the 
sun  upon  the  earth  is  abundant,  and  on  the  whole  powerful.  It  is  sum- 
marized as  follows:  (1)  The  inclination  and  the  intensity  of  the  earth's 
magnetic  field  in  all  latitudes  increases  as  the  earth  approaches  the 
sun  in  its  orbit;  (2)  all  the  magnetic  elements  undergo  variation  in 
the  j>eriod  of  the  solar  rotation;  (3)  all  the  magnetic  elements  pass 
through  secular  variations  in  the  llyear  period,  synchronously  with 


.^^-_U 


27 

the  frequency  of  the  san  spots,  promiuences,  facula^,  and  coronal  exten- 
sion; (4)  the  aurora,  the  earth  currents,  the  atmospheric  temperatures, 
pressures,  the  rainfall,  the  latitude  of  the  mean  storm  tracks,  the 
velocity  of  the  eastward  drift,  suffer  changes  synchronous  with  the 
annual  period,  the  solar  rotation  period,  and  the  11-year  period; 
(5)  the  immediate  connection  between  individual  sun  spots  and  ter- 
restrial magnetic  and  atmospheric  storms  has  not  been  clearly  demon- 
strated, but  there  are  several  observations  showing  that  abnormal 
agitations  affect  the  sun  and  the  earth  as  a  whole  and  at  the  same  time. 

METHOD  OF  COMPUTINO  THE  MAGNETIC  OBSERVATIONS. 

The  study  of  the  magnetic  observations  themselves  involves  the 
disentangling  of  the  several  periods,  diurnal,  solar  rotation,  annual, 
and  11-year.  The  first  point  to  settle  is  the  determination  of  what  is 
to  be  taken  as  the  earth's  normal  field,  added  to  which  the  variations 
impressed  at  any  given  instant  produce  the  actual  field  as  observed. 
This  involves  the  question  of  quiet  days  and  large  disturbances,  in  form- 
ing the  monthly  and  annual  means.  My  conclusion  is  as  follows:  (1) 
the  so-called  "quiet"  day  means  merely  that  the  trace  is  smooth — that 
is  to  say,  not  broken  up  with  rough  oscillations  having  wide  amplitudes, 
but  yet  balanced  on  either  side  of  a  mean.  This,  however,  is  no  crite- 
rion in  itself  whether  the  trace  of  a  quiet  day  lies  on  the  true  secular 
normal  of  the  element  or  not,  and  it  is  easy  to  see  by  inspection  of  the 
curves  observed  from  day  to  day  that  a  quiet  trace  is  often  depressed 
or  elevated  as  a  whole,  relatively  to  the  base  line,  compared  with  neigh- 
boring days,  throughout  its  24hour  extent.  This  swaying  up  and 
down  of  quiet  traces  throughout  many  millimeters  seems  to  be  fatal 
to  the  x)ractice  of  taking  the  mean  of  quiet  days  by  themselves  as 
the  true  normal,  inasmuch  as  many  days  of  moderate  oscillation  are 
thus  without  reason  excluded  from  the  series  of  days  upon  which  the 
mean  depends.  On  the  other  hand  the  case  is  very  different  with  the 
great  disturbances,  because  these  are  not  well  balanced,  but  almost 
always  show  a  large  distortion,  on  one  side  of  the  mean  of  the  element. 
Thus  in  the  horizontal  force  the  disturbances  of  pronounced  type  almost 
invariably  diminish  the  absolute  value  of  it  for  the  24-hour  means. 
Hence,  to  include  them  in  the  normal  would  be  to  depress  it  to  such 
an  extent  as  to  shift  the  mean  on  one  side  of  its  true  position,  and 
thus  introduce  a  constant  error  into  the  system  of  deflecting  forces. 
A  comparatively  wide  oscillation  of  the  component  of  the  horizontal 
deflecting  force  o  amounts  to  about  0.000250  0.  G.  8.,  and  this  may  occur 
without  any  unusual  perturbation  of  the  field.  It  is,  on  the  other  hand, 
equally  erroneous  to  omit  these  disturbed  days  entirely  from  the  mean, 
and  I  have  compromised  the  matter  by  counting  every  disturbance 
above  the  limit  just  indicated  as  that  value  itself.  Thus  —0.000645 
would  be  summed  in  the  means  as  —0.000250.  This  is  arbitrary,  but 
it  certainly  saves  an  unnecessary  distortion  of  the  normal  field.    Hence 
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the  rule  becomes:  <' Diminish  all  disturbances  to  the  limit  0.000250 aud 
then  take  the  mean  of  all  the  days  of  the  month,  this  mean  being  the 
value  of  the  normal  field  for  the  fifteenth  day  of  the  month ;  interpo- 
late proportionally  between  the  fifteenth  days  of  successive  months  for 
the  values  of  the  normal  on  the  several  intermediate  days ;  subtract  the 
normal  value  for  the  day  thus  obtained  from  the  observed  value  of 
the  day,  and  the  difierence  is  the  rectangular  component  in  that  ele- 
ment, horizontal  force,  declination,  or  vertical  force  (z^H,  aD,  aY), 
of  the  defiecting  vector;  reduce  the  number  thus  obtained  to  equiva- 
lent C.  G.  S.,  units  (dx,  dy,  dz),  and  transform  the  same  to  the  polar 
coordinates  of  the  vector  ((r,  «,  o',  /?);  this  is  the  vector  of  the  deflect- 
ing force,  impressed  for  the  twenty  four  hours  upon  the  normal  field  at 
the  station,  to  produce  the  observed  force;  8  is  the  total  vector  acting 
in  a  plane  having  the  azimuth  //,  counted  N.  W.  S.  E.  from  the  magnetic 
meridian  of  the  station ;  tlie  vector  is  inclined  at  the  nngle  ex  to  the  hori- 
zontal plane,  and  it  is  taken  positive  below  o',  which  is  the  component 
of  8  on  the  horizontal  plane.''  In  case  the  defiecting  vector  is  required 
for  a  certain  hour  within  the  twenty-four  hours  composing  the  given 
day,  the  mean  diurnal  variation  for  that  hour  must  be  added  to  the 
interpolated  normal  mean,  and  this  value  for  the  hour  is  to  be  sub- 
tracted from  the  observed  value  to  obtain  the  component  of  the  element 
at  that  hour.  In  discussing  disturbances  it  is  necessary  to  tiike  this 
step  carefully,  and  not  to  omit  it  from  the  computation.  In  the  course 
of  the  computations  for  the  years  1878-1893,  inclusive,  I  reduced  105 
dates  from  some  larger  number  to  0.000250  C.  G.  S.;  half  of  them  were 
small  changes  and  the  remainder  large,  thus  making  important  changes 
in  about  one  per  cent  of  the  dates.  This  method  therefore  makes  use 
of  all  the  given  observations,  except  the  extreme  disturbances,  in 
obtaining  the  mean  value  for  the  fifteenth  day  of  each  month,  thus 
locating  twelve  points  on  the  secular  curve  for  the  year,  and  assuming 
that  the  secular  variations  in  the  terrestrial  elements  progress  uniformly 
from  point  to  point.  The  method  works  well  practically,  and  it  seems 
to  reduce  the  necessary  assumptions  to  a  niininmm  (Compare  Bulletin 
No.  2,  U.  S.  Weather  Bureau,  1892,  for  details). 

The  vector  systems  of  deflecting  forces  obtained  in  this  way  from  the 
available  published  reports  of  magnetic  observations,  covering  the 
years  1841  to  1895,  inclusive,  have  been  made  the  basis  of  the  investi- 
gation. The  labor  consisted  in  making  these  simple  transformations, 
but  it  is  seen  that  no  theoretical  bias  of  any  kind  has  been  imposed 
ui)on  the  actual  facts.  Tbe  inferences  obtained  grow  naturally  out  of 
the  resulting  systems  of  vectors  of  deflecting  forces,  after  they  are 
marshaled  in  array  as  determined  by  observations.  For  the  greater 
part,  this  bulletin  will  be  concerned  with  the  vectors  depending  upon 
the  24-hour  means,  from  which  is  to  be  derived  the  period  of  solar  rota- 
tion and  the  characteristics  of  the  solar  magnetic  field.  This  24  hour 
vector  system  is  evidently  secured  by  confining  the  computation  to  the 
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columns  **mean  of  24  hours.''  If  tbe  hourly  vectors  are  required,  the 
work  is  limited  to  the  "hourly  means"  for  each  month;  if  the  hourly 
vectors  for  large  disturbances  are  wanted,  the  two  systems  must  be 
combined  as  mentioned  above.  All  three  of  these  processes  have  been 
executed  with  interesting  results  which  it  is  proposed  to  enumerate, 
though  the  first  will  cover  more  ground  than  the  others. 

DIFFICULTY  OF  FINDING   THE   ROTATION   PERIOD   OF   THE   SUN. 

Many  attempts  to  find  the  true  period  of  the  solar  rotation  have 
been  made  by  others,  the  investigations  covering  a  half  century,  but 
the  outcome  is  exceedingly  unsatisfactory  as  regards  a  definite  result. 
The  attack  has  been  made  along  three  lines:  (1)  the  rotation  period  of 
the  sun  spots,  (2)  the  periodic  variation  of  the  terrestrial  magnetic  and 
meteorological  elements,  (3)  the  displacement  of  the  lines  in  the  solar 
spectrum.  The  outcome  shows  that  the  constituents  of  the  sun  have 
periods  of  rotation  differing  both  in  latitude  and  altitude,  indicating 
some  type  of  circulation  not  wholly  unlike  that  of  the  currents  in  the 
earth's  atmosphere.  The  law  of  the  rotational  periods  in  the  several 
latitudes  is  quite  easily  and  accurately  determined  where  spots  are 
visible,  but  the  laws  of  extrapolation  to  latitudes  outside  the  spot  belts 
are  not  in  agreement  for  the  different  authors. 
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Tablk  I. — Siderial  and  synodic  periods  of  the  rotation  of  the  sun — Continued. 

ANGULAR  ROTATION  OF  THE  SUN  SPOTS  IN  SEVERAL  LATITUDES. 
[Expressed  in  miuntes  of  arc  for  the  daily  siderial  motion.] 
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a  Equivalent  to  25.35  siderial,  27.24  synodic. 

Table  1  shows  the  periods  of  rotation  determined  in  several  investi- 
gations and  the  mean  daily  motion  of  the  spots  in  different  latitudes. 
The  mean  synodic  rotation  of  the  total  number  of  sun  spots  is  27,25 
days,  approximately,  and  it  is  the  drift  in  solar  mean  latitude  ±  12o. 
This  value  has  been  widely  adopted  as  the  period  of  solar  rotation,  but 
it  is  extremely  diflBcult  to  see  any  reason  why  such  an  average  motion, 
the  mean  of  very  different  values  in  angular  velocity,  should  be  the 
true  period  of  the  solar  nucleus  itself.  For  sun-spot  observations  it 
may  be  useful,  but  certainly  there  is  need  of  its  further  indorsement  to 
make  it  applicable  to  the  body  of  the  sun  as  a  whole.  On  the  other 
hand,  examination  of  the  terrestrial  data  shows  that  there  is  a  tendency 
to  obtain  i)eriod8  lower  than  the  mean  number,  26.70  days,  as  the  effect- 
ive period  of  solar  rotation  at  the  distance  of  the  earth.  The  'separate 
determinations  differ  seriously  among  themselves,  and  tend  to  discredit 
one  another,  so  that  little  weight  has  been  given  by  astronomers  to  this 
set  of  results,  perhaps  less  than  they  deserve.  The  spectroscopic  work, 
though  important,  has  not  reached  a  conclusion,  and  can  be  regarded 
as  only  in  its  formative  stage,  though  likely  to  produce  decisive  evi- 
dence in  the  end.  As  matters  stand,  the  contest  seems  to  have  nar- 
rowed down  to  an  assignment  of  27.25  days  or  26.70  days  as  the  approx- 
imate period  of  synodic  rotation  of  the  sun,  the  former  being  the  mean 
rotation  of  the  spots  in  latitude  ±  12°,  and  the  latter  that  at  the  equator, 
as  determined  by  the  visible  angular  motion  of  the  sun's  surface  and 
the  terrestrial  variations  respectively. 

It  is  proper  to  inquire  w^hy  the  terrestrial  data  should  give  such  loose 
results.  There  are  probably  three  reasons  for  this:  (1)  the  observa- 
tions give  the  data  in  a  very  complex  form,  composed  of  several  inter- 
acting systems;  (2)  the  series  of  observations  used  has  been  compara- 
tively short,  too  brief  to  afford  clear  residuals  after  the  wastefiil  process 
of  balancing  out  local  forces  from  other  impressed  sources  of  energy; 
(3)  the  employment  of  the  Gaussian  principle  of  the  ^'sum  of  the 
squares  of  the  residuals  a  minimum."  The  third  needs  further  expla- 
nation,   ilaving  a  series  of  residuals,  the  assignment  of  (n — 1)  (n) 
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(n+1)  days  as  tlie  period  successively  for  tbe  determination  of  u  is 
proper  under  certain  conditions,  especially  whenever  a  simple  mean 
period  is  to  be  obtained — that  is,  for  example,  when  the  resulting  curve 
is  a  simple  harmonic  function.  But  in  the  case  of  several  overlapping 
functions  it  will  not  work,  especially  with  a  short  series;  and  in  case  of 
an  inversion  of  the  periodic  curve  it  will  fail  entirely.  The  fact  that  so 
many  researches  with  this  method  have  been  indecisive  induced  me  to 
believe  that  either  one  or  both  of  these  conditions  were  at  the  basis  of 
the  difficulty,  and  accordingly  in  planning  this  investigation  the  Gaus- 
sian method  was  excluded  from  the  trial.  The  outcome  shows  that  the 
inversion  of  the  curve  is  the  real  cause  of  the  failure  of  the  method; 
the  fact  that  the  curve  has  many  maxima  in  a  period,  but  is  not  com- 
pounded of  overlapping  periods,  not  being  the  barrier  to  its  employ- 
ment. It  will  be  shown  later  that  inversion  takes  place  on  the 
average  on  February  1,  April  20,  July  15,  October  15  of  each  year,  so 
that  unless  the  observations  of  a  year  were  subdivided  into  the  proper 
parts,  the  period  would  emerge  only  feebly  from  the  observations. 

NOMENCLATURE,    DEFINITIONS,     AND     TYPE     MAGNETIC     FORCE 

DIAGRAMS. 

For  the  sake  of  assisting  those  readers  who  are  not  familiar  with  the 
language  used  in  the  science  of  terrestrial  magnetism,  the  following 
sunmiary  of  its  leading  terms  is  reproduced  from  Bulletin  No.  20, 
United  States  Weather  Bureau,  1897,  on  Storms,  Storm  Tracks,  and 
Weather  Forecasting.  The  nomenclature  grew  up  in  consideration  of 
the  behavior  of  a  magnet  freely  suspended  in  the  earth's  magnetic  field, 
rather  than  with  regard  to  the  wider  aspects  of  science  that  have 
since  been  developed,  and  hence  the  choice  of  reference  directions  on 
the  surface  of  the  earth  is  of  a  practical  character,  but  not  the  best 
that  might  have  been  selected.  Since  the  earth  is  positively  magnet- 
ized in  its  southern  hemisphere,  in  the  northern  hemisphere  a  freely 
suspended  needle  dips  with  its  north-seeking  end  beneath  the  horizon, 
and  inclines  to  the  west  of  the  geographical  meridians,  taken  as  a 
whole  over  Europe,  where  the  science  was  first  studied.  This  needle 
will  hang  tangent  to  the  line  of  force  determined  by  the  earth  as  a 
magnet  at  the  station  considered,  and  there  have  consequently  been 
employed  two  systems  of  coordinates  to  define  the  force  of  the  mag- 
netic field  at  the  point  of  suspension. 

(1)  The  first  system  of  coordinates  is — 

F,  the  intensity  of  the  magnetic  force  of  the  earth. 

1),  the  declination^  positive  west  from  geographical  north. 

I,  the  inclination,  positive  below  the  horizon. 

These  give  the  exact  direction  and  magnitude  of  the  magnetic  force. 

(2)  The  secondary  system  of  coordinates  is — 

H,  the  horizontal  component j  positive  north  along  the  magnetic 
meridian. 
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D,  the  angular  declinatiotij  positive  west. 

V,  the  vertical  component ,  positive  downward. 

These  also  determine  the  vector — that  is,  direction  and  magnitude — 
of  the  magnetic  force. 

If  the  earth's  magnetic  field  were  permanent,  these  values  of  F  D  1 
or  H  D  V  would  be  constant  at  every  station  on  the  globe.  But  they 
are  all  continually  fluctuating  in  several  periods — the  diurnal,  the  solar, 
the  annual,  and  the  secular. 


f 
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Chart  l.— Coordinates  of  normnl  and  deflecting  magnetic  forces. 


The  diurnal  period  J  twenty-four  hours,  is  due  to  the  rotation  of  the 
earth  on  its  axis,  changing  the  components  of  the  earth's  normal  field 
in  relation  to  the  external  magnetic  lines  of  the  force  in  the  ether  as 
induced  by  solar  action. 

The  solar  period j  26.68  days,  is  due  to  the  rotation  of  the  sun  on  its 
axis,  carrying  with  it  the  coronal  magnetic  field,  which  it  continuously 
sustains,  with  an  intensity  varying  along  the  solar  meridians,  and  also 
as  a  whole  in  the  solar  11-year  period. 

The  annual  period^  365.25  days,  is  due  to  the  earth's  motion  about  the 
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Ban  in  its  orbit,  which  changes  the  aspect  of  the  sun's  magnetic  system 
relatively  to  that  of  the  earth,  as  the  sun  moves  in  declination  with  the 
seasons. 

The  secular  periods  are  bat  little  understood,  but  there  are  several 
of  them:  (1)  The  11-year  period,  due  to  the  slow  workings  of  magnetic 
masses  within  the  solar  nucleus;  (2)  the  longer  periods  of  five  hundred 
to  three  thousand  years,  differing  in  the  several  parts  of  the  earth,  and 
due  to  the  slow  redistribution  of  magnetism  within  the  earth,  and 
(3)  the  very  long  secular  periods  of  the  sun  as  a  variable  star  by 
which  the  terrestrial  system  must  be  affected,  just  as  it  is  in  the  shorter 
periods. 

To  study  the  causes  that  modify  the  earth's  normal  magnetic  Held  in 
these  several  periods  it  is  necessary  to  disentangle  the  superposed 
forces  from  the  normal  field,  in  order  to  have  the  components  of  the 
deflecting  forces  at  any  time.  The  simplest  way  of  doing  this  in  prac- 
tical work  is  to  take  the  magnetic  meridian  at  a  station  as  the  plane  of 
reference  with — 

X,  positive  to  the  magnetic  north. 

Y,  positive  to  the  magnetic  west. 

Z,  positive  to  the  magnetic  nadir. 

Hence,  variations  in  the  horizontal  force  A  H,  in  the  declination  A  D, 
in  the  vertical  force  A  V,  may  be  combined  into  a  horizontal  component 
cr,  which  makes  an  angle  fi  on  the  horizon  plane  with  the  magnetic 
north,  and  also  into  a  total  vector  force  s  which  makes  a  vertical  angle 
a  with  (T,  and  an  angle  p  between  its  plane  and  that  of  the  magnetic 
meridian.    In  Chart  — 

O  N  is  geographically  north,  O  W  west,  O  Z  nadir. 

OP=:F,i^OM  =  D,MOP  =  I.    First  system. 

OM  =  H,  NOM  =  D,MP  =  V.    Second  system. 

(T  is  the  resultant  of  A  H  =  dx  and  A  D  =  dy,  and  makes  the  angle 
)^  =  A  U.  O.  A  D  with  the  magnetic  meridian. 

s  is  the  resultant  of  a  and  A  Y  =  dz  and  makes  the  angle  cr  =  A  D.  O  E 
with  <T.  The  vector  sum  of  O  P  and  O  R  is  O  T,  and  therefore  O  T 
gives  the  direction  of  the  needle  and  the  intensity  of  the  magnetic  force 
at  the  time  considered. 

For  many  years  it  has  been  known  that  there  must  be  a  close  phys- 
ical connection  between  the  sun  and  the  earth  because  of  the  definite 
fluctuations  in  intensity  between  solar  and  terrestrial  phenomena.  Our 
investigation  of  this  subject  has  shown  that  the  transference  of  energy 
is  not  only  along  the  ecliptic,  but  also  in  widespreading  lines  which  are 
perpendicular  to  the  ecliptic  at  the  earth,  this  circumstance  indicating 
that  the  sun,  as  well  as  the  earth,  is  an  immense  spherical  magnet.  The 
sun  therefore  emits  energy  along  two  paths  to  the  earth  and  in  two  dif- 
ferent forms  of  radiation:  (1)  Along  the  ecliptic,  in  electromagnetic 
waves,  wherein  the  vibration  is  in  planes  perpendicular  to  the  line  of 
propagation;  (2)  in  magnetic  curves^  wherein  the  ether  motion  is  prob 
10305— No.  21 3 
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ably  rotatory,  which  is  called  the  coronal  field  because  of  the  intimate 
relation  of  the  lines  of  the  solar  corona  to  magnetic  lines  of  force. 

The  term  electromagnetic^  in  this  connection,  is  descriptive  of  the  Max- 
wellian  theory  of  light,  which  makes  it  a  true  radiation  of  energy  in 
straight  lines  from  its  source.'  It  is  analyzed  into  a  wave  of  electric 
force,  pins  a  wave  of  magnetic  induction,  these  forces  being  at  right 
angles  to  each  other  in  the  plane  wave  front,  the  component  waves 
being  in  quadrature  along  the  path  of  propagation.  The  immense 
rapidity  of  the  vibrations  of  light,  in  the  case  of  a  train  of  waves  from 
the  source  to  the  observer,  x)ractically  integrates  the  system  into  a  tyi>e 
of  polarized  ether. 

The  magnetic  curves  which  join  the  opposite  x)olaritics  of  a  perma- 
nent magnet  have  an  entirely  different  nature,  but  it  is  not  definitely 
known  what  the  state  of  the  ether  is  when  it  sustains  them,  though 
probably  they  are  simply  rotational  ether  vortices  having  their  ends  on 
the  magetized  matter.  As  the  form  of  these  curves,  and  the  mode  of 
combining  systems  of  magnetic  forces  should  be  kept  clearly  in  mind, 
the  following  diagrams  are  added: 


-=i2n 


Chabt  2.— Uniform  field. 

H  ==  0.001273  _^ J- 


With  a  given  value  of  H  compute  the  distance  Vn  from  the  axis  of  the  field  for  any 
line  n. 
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Chabt  8.— Unipolar  field. 


F=43rm=aO 


Subdivide  the  diameter  into  iTtm  eqnal  parts,  draw  parallel  chords  tliron^h  the 
division  points  at  riglit  angles  to  the  axis,  and  a  series  of  radii  to  the  points  of  inter- 
section on  the  circle. 
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CUABT  4 — Bipolar  field  or  doublet. 


±m=  ±  1.592 


C»G* 


Place  two  unipolar  fields  near  the  same  center  and  draw  resultant  curves  through 

the  points  of  intersection.    Or  else  compute  the  curves  from  N  =  C.  ~z~9  where  C 
may  be  taken  equal  to  unity. 
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C^ART  5.— Uniformly  polarized  sphere. 

This  IS  the  same  as  a  bipolar  field  outside  the  spliero,  and  a  uniform  field  inside, 
connecting  disoontinuously  at  the  surface. 
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Chabt  6.— Doublet  in  a  uniform  field. 


Stable  position.    CompODeuts  on  the  left  side;  resultant  on  the  right  side. 


39 


Chart  7.— Doublet  in  a  tiniform  field. 


Unstable  position.     Components  on  the  loft  side;  resultant  on  the  right  side. 
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The  method  of  procedure  decided  upon  was  to  spread  out  the  polar 
coordinates  of  the  deflecting  forces  impressed  upon  the  normal  terres- 
trial field,  in  long  tables,  and  to  discover  by  inspection  the  fact  of 
periodicity  if  it  existed.  This  has  been  a  very  laborious  procedure, 
as  the  transformations  above  described  cover  the  years  1878-1889  inclu- 
sive, for  five  to  eleven  stations.  The  result  was  announced  at  the  Chicago 
Congress,  1893;  but  the  possibility  of  having  merely  added  one  more 
to  the  long  list  of  approximate  periods  already  published,  caused  raeto 
withhold  the  details  of  the  computation  till  practical  experience  with 
its  efficiency  had  given  at  least  some  conclusions  calculated  to  fortify 
its  validity.  The  work  can  be  only  illustrated  in  this  bulletin,  but  the 
example  given  is  a  fair  specimen  of  the  remainder  of  this  kind  of 
computation. 

The  components  are  arranged  in  the  order  H.  D.  V.,  representing  the 
develoi>ment  X.  Y.  Z.;  H.  D.  V.  are  taken  from  the  reports  of  observa- 
tions, and  are  the  absolute  values  corrected  for  temperature  and  instru- 
mental peculiarities;  Ho,  Do,  Vq  are  the  adopted  secular  normal  values 
of  the  components,  assuming  that  the  mean  for  the  month  is  true  for  the 
15th  day,  and  that  the  variation  is  proportional  to  the  time  between  the 
successive  values  thus  determined;  dx^  dy,  dz  are  the  corresponding 
rectangular  coordinates  reduced  to  units  of  the  sixth  decimal  C.  G.  S. 


(0.000001  dyne):  (r=  v'^+yS  «=  V<^+dy'-f^^,tan/^=^^,tanfl'=  ^  ; 

ft  is  positive  from  the  north  magnetic  point  through  the  west^  a  is 
positive  below  the  horizon. 

In  the  volume  of  maguetical  and  meteorological  observations,  Green- 
wich, March,  1887,  H  is  found  in  column  7,  p.  (iii);  D  in  column  4,  p.  (ii) ; 
V  in  column  7,  p.  (vi);  the  precepts  for  conversion  of  the  values  into 
C.  G.  S.  units  occur  at  the  top  of  the  several  pages. 

H-Ho=aH,  D-I)o=aD,  V-Vo=aV, 

1  unit  A  H =0.0000018  C.  G.  S. 

1  unit  A  V=0.0000044  C.  G.  S. 

1  minute  arc  aD=0.0000530  0.  G.  8.,  where  %=Ho  tan  aD. 

The  table  of  transformations  is  appended;  H.  D.  V.  are  copied  from 
the  report;  Ho,  Dq,  Vq  are  interpolated  from  the  monthly  means;  aH, 
aD,  A  V  are  reduced  to  Ar,  dy^  dzy  in  units  sixth  decimal  C,  G.  S;  <t, 
Sf  a,  /3  are  the  equivalent  polar  coordinates. 
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Tablb  2. — The  mean  deflecting  farces  in  rectangular  and  polar  coordinates. 

[Greenwich,  Mavcb,  1887.] 


H 

Ho 

AH 

D 

Do 

AD 

1 
V 

Vo 

AV 

dx 

dy 

dz 

«r 

a 

«   P 

1 

464 

477 

—13 

52.7 

1 
51.65 

+  1 

* 
.05 

497 

483 

+  14 

—  23 

+  66 

+  62 

60 

86 

+46  112 

2 

477 

477 

0 

52.2 

51.65 

+ 

.55 

497 

481 

+  16 

0 

+  29 

+  70 

29 

76 

+67   90 

3 

501 

478 

H23 

52.0 

51.65 

+ 

.35 

474 

479 

—  5 

+  41 

+  18 

-22 

44 

49 

—26   26 

4 

499 

478 

+21 

52.0 

51.66 

+ 

.34 

478 

476 

+  2 

+  38 

+  18 

+  9 

42 

43 

+13   26 

5 

480 

478 

4-  2 

51.7 

51.66 

+ 

.04 

486 

472 

+  14 

+  4 

+  2 

+  62 

5 

62 

+86   27 

6 

418 

479 

—61 

50.8 

51.66 

.86 

487 

470 

+17 

110 

—46 

1  75 

119 

141 

+32  203 

7 

429 

479 

—50 

51.5 

51.67 

^ 

.17 

489 

468 

+21 

—  90 

9 

+  92 

91 

129 

+45  186 

8 

431 

480 

—49 

51.8 

51.67 

+ 

.13 

479 

466 

+  14 

-88 

+  7 

+  62 

88 

108 

+35  174 

9 

401 

480 

—79 

51.4 

51.67 

.27 

485 

463 

+22 

—142 

—14 

4  97 

143 

173 

+34  185 

10 

409 

480 

—11 

52.1 

51.68 

+ 

.42 

462 

461 

+  1 

—  20 

+22 

+  4 

29 

30 

+10  133 

11 

450 

481 

—31 

51.5 

51.68 

.18 

467 

459 

+  8 

-66 

—10 

+  85 

57 

68 

+30  190 

12 

451 

481 

-80 

51.8 

61.69 

+ 

.11 

468 

456 

+  12 

—  64 

+  6 

+  53 

55 

77 

+44  172 

13 

442 

482 

—40 

51.0 

51.69 

.09 

469 

454 

+16 

-  72 

-6 

+  66 

72 

97 

+42  183 

14 

448 

482 

—34 

52.2 

61.70 

+ 

.50 

464 

462 

+  2 

—  61 

+27 

+  » 

67 

68 

+  7  166 

15 

456 

483 

—27 

51.7 

51.70 

.00 

433 

449 

16 

49 

0 

70 

49 

86 

-65  180 

16 

404 

484 

—80 

51. 2 

51.67 



.47 

437 

448 

—11 

—144 

—25 

—  48 

147 

166 

—18  190 

17 

458 

485 

27 

51.6 

51.64 

.04 

437 

448 

—11 

—  49 

-  2 

48 

49 

69 

—45  181 

18 

461 

486 

25 

51.5 

51.61 

— _ 

.11 

423 

447 

—24 

-46 

-  6 

—106 

46 

116 

—67  187 

19 

486 

487 

—  1 

51.8 

51.58 

__ 

.28 

424 

446 

—22 

—  2 

16 

-  97 

15 

99 

—81  268 

20 

463 

489 

—26 

51.6 

51.65 

f- 

.05 

418 

446 

-28 

-  47 

+  8 

—123 

47 

131 

—69  176 

21 

407 

490 

—83 

51.7 

51.52 

+ 

.18 

425 

445 

—20 

-149 

+  10 

—  88 

150 

175 

—30  176 

22 

467 

401 

-24 

51.6 

51.49 

+ 

.11 

402 

444 

—42 

-  43 

+  0 

—185 

43 

190 

-77  172 

23 

527 

492 

+35 

51.9 

51.46 

+ 

.44 

400 

444 

—44 

+  68 

+23 

-194 

67 

204 

71   20 

24 

509 

493 

+  10 

51.8 

51.43 

+ 

.37 

403 

443 

—40 

+  29 

+20 

—176 

36 

180 

78   85 

25 

552 

495 

+57 

51.9 

51.40 

+ 

.50 

416 

442 

-26 

+103 

+27 

—114 

106 

155 

—47   15. 

26 

553 

496 

+  57 

51.6 

51.37 

+ 

.23 

421 

442 

-21 

+  103 

+12 

-  92 

104 

139 

—42   6 

27 

562 

497 

+  65 

51.5 

51.  34 

+ 

.16 

432 

441 

-9 

+117 

+  0 

40 

118 

125 

-19   4 

28 

555 

498 

+  57 

51.7 

51.31 

+ 

.39 

440 

440 

0 

+  108 

4  21 

0 

105 

105 

0   12 

29 

677 

499 

+78 

51.4 

51.28 

+ 

.12 

433 

440 

—  7 

+  140 

+  6 

—  31 

140 

143 

—12   8 

30 

591 

601 

f90 

61.5 

51.25 

+ 

.25 

433 

439 

—  6 

+  162 

413 

—  26 

163 

165 

—19   4 

31 

585 

502 

+83 

51.7 

51.22 

+ 

.48 

442 

438 

+  4 

+149 

+2« 

+  18 

162 

163 

+  7   10 

Feb.. 

471 

51.6 

617 

Mar. 

483 

51.7 

449 

Apr  . 

521 

50.7 

428 

All  the  computations  used  as  the  basis  of  my  research  have  been 
made  in  this  way.  About  1,500  tables  like  Table  2  have  been  con- 
structed in  preparing  the  results  ot  this  Bulletin.  The  great  variety 
of  forms  in  the  publications  of  observatories,  since  scale  divisions,  Brit- 
ish, metric,  and  C.  G.  S.  units  occur,  renders  the  work  tedious.  An 
improvement  would  be  made  by  publishing  the  coordinates  (da^j  dy,  dz), 
and  ((T, «,  a  J  J3)  as  above,  since  each  observatory  should  contribute  these 
as  material  available  for  general  scientific  work, 

SOME  SEASONS  FOR  THE  SLOW  ADVANOEMENT  OF  THE  SCIENCE  OF 

TERRESTRIAL  MAGNETISM. 

This  leads  to  a  few  remarks  on  the  causes  of  the  singularly  slow 
advance  that  terrestrial  magnetism  has  made  as  a  science  toward  a 
satisfactory  system  of  fundamental  physical  laws.  For  it  is  plain  that 
while  observations  have  been  accumulated  by  the  million,  the  primary 
laws  of  the  sources  of  the  variation  of  the  forces  are  still  the  subject 
of  discussion.  This  state  of  affairs  may  be  referred  to  three  lines  of 
thought  that  have  pervaded  all  previous  analyses  of  magnetic  obser- 
vations: (1)  The  records  have  generally  contented  themselves  with  dis- 
playing the  variations  of  the  individual  components  taken  separately. 
Thus  the  curves  of  Horizontal,  Vertical,  Total  forces.  Declination, 
and  Dip  occur  in  nearly  every  volume,  but  no  attempt  has  been  made  on 
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a  large  scale  to  constrnct  tbe  corresponding  vector  system  of  impressed 
forces  acting  upon  the  entire  earth,  which  will  produce  the  same  deflec- 
tions in  each  element  at  each  station.  This  has,  on  the  other  hand, 
been  the  leading  idea  of  my  computation,  and  out  of  it  has  emerged 
two  definite  vector  systems,  impressed  upon  the  uormal  terrestrial  field 
to  produce  the  observed  resultants. 

(2)  The  prominence  given  to  the  potential,  and  the  interpolation  from 
station  to  station  by  the  Gaussian  Harmonic  analysis,  has  probably 
tended  to  retard  the  elucidation  of  the  origin  of  the  variations  of  the 
field,  because  the  excessive  complication  of  the  computation  has  really 
hindered  the  detection  of  the  system  of  forces  depending  upon  an 
external  potential.  It  would  seem  preferable  to  disentangle  the  vector 
systems  from  each  other,  and  from  the  normal  field,  then  to  study  their 
behavior,  and  thus  form  a  conception  of  the  type  of  x>otential  required. 
It  is  now  seen  that  the  interactions  of  the  solar  and  the  terrestrial 
magnetic  fields  well  nigh  overwhelm  any  simple  potential  action  in  the 
complex  resultants,  and  thus  obscure  the  solution  of  the  problem. 

(3)  The  common  practice  of  subdividing  the  year  by  arbitrary  calen- 
dar months,  and  taking  the  means  for  thirty-day  blocks,  evidently  cuts 
to  pieces  any  natural  period  which  may  hapi)en  to  be  running  through 
the  observations,  but  not  coinciding  exactly  with  the  month  divisions. 
This  has  been  the  natural  course  to  pursue,  however,  so  long  as  any  sacli 
working  period  remained  undetected,  and  hence  the  first  logical  step 
was  to  work  out  the  periodic  action  within  the  observations,  if  such 
exists.  At  the  outset,  before  any  result  could  be  found,  it  was  neces- 
sary to  employ  the  monthly  means  as  representing  approximately 
points  on  the  normal  field,  and  interpolating  as  explained.  The  dis- 
covery of  the  26.68-day  period,  as  the  outcome  of  this  method,  enables 
us  to  construct  an  ephemeris  dividing  the  total  set  of  observations  into 
periodic  parts,  and  the  means  of  these  sets,  instead  of  the  thirty  calendar 
days  of  the  months,  should  be  taken  as  the  representative  points  of 
the  normal  field. 

The  repetition  of  the  work  thus  implied  has  not  been  undertaken. 
When  tbe  laws  of  the  secular  variation  of  the  normal  field  are  known,  a 
further  improvement  may  be  made  in  determining  11.,  D.,  V.,  and  hence 
a  more  accurate  computation  of  the  impressed  vector  systems.  Enough 
has  been  done,  however,  to  show  that  the  apparently  iiccidental  varia- 
tions in  the  daily  means  are  really  the  effects  of  physical  forces,  attrib- 
uted to  the  polar  action  of  the  sun,  and  not  due  primarily  to  instru- 
mental defects.  The  observations  are  undoubtedly  worthy  of  great 
confidence  whenever  the  work  has  been  carefully  performed  in  the 
observatories. 

DIAGRAMS   GIVING    SOME    FEATURES  OF  THE   COMPONENT  MAGNETIC 

POLAR  FIELDS. 

Although  it  is  anticipating  the  natural  presentation  of  the  results, 
yet  in  order  to  give  au  idea  of  the  general  conclusions  reached,  two 
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diagrams  are  added,  which  may  be  briefly  described  as  follows :  The 
earth  acts  like  a  permeable  shell,  one-fifth  the  radius  in  thickness,  upon 
impressed  external  fields.  Superposed  upon  the  normal  earth's  field  is 
a  field  nearly  perpendicular  to  the  plane  of  the  ecliptic,  deflected  to 
pass  the  earth  in  the  lines  pertaining  to  such  a  system.  If  this  field 
unites  in  composition  with  the  terrestrial  field,  the  curves  of  the  earth's 


CHAitT  8.— Typical  lines  of  the  eArth*8  field  As  deflected  by  the  solar  field. 


field  are  expanded  when  it  is  directed  from  north  to  south,  and  con- 
tracted when  its  direction  is  from  south  to  north.  A  variation  in  the 
strength  of  the  external  field  for  any  cause  is  indicated  by  a  change  in 
the  elements  H.  D.  Y.  at  the  surface  of  the  earth,  and  also  throughout 
the  space  in  its  neighborhood. 
The  second  diagram  shows  the  resulting  a^^^erage  variation  of  the 
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impressed  field  in  a  period  of  26.68  days.  It  undergoes  also  a  semi- 
annual periodic  inversion  as  a  whole,  is  subject  to  great  perturbations, 
also  to  small  abnormalities,  and  probably  to  minute  wave-like  varia- 
tions which  constitute  it  approximately  a  type  of  radiation.  The  earth's 
field  is  like  a  set  of  springs,  which  are  deflected  by  the  varying  strength 
of  the  impressed  field,  itself  primarily  static  in  nature,  but  yet  pulsat- 
ing in  long  periods  and  in  periods  of  a  few  seconds.  The  work  of  the 
transient  currents  of  the  impressed  field  goes  one-half  into  magnetic 
energy  and  one-half  into  heat.  The  integral  of  the  energy  thus  gained 
by  the  earth,  and  especially  the  earth's  atmosphere,  is  apparently  suf- 
ficient in  quantity  to  modify  the  circulation  of  the  currents  of  the  air, 
due  originally  to  the  convection  produced  by  solar  radiation  on  the 
equatorial  zone. 
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ChabtQ. — Periodic  variations  in  the  strength  of  the  solar  field  as  observed  within  the  earth's  field. 

Direct  and  inverse  types. 

The  axis  of  the  earth's  field  is  not  parallel  to  that  of  the  external 
field,  but  it  rotates  within  it  daily,  around  it  annually;  while  also  the 
sun  rotates  the  external  field  past  the  earth  as  a  whole  in  26.68  days. 
The  mechanical  interaction  of  these  systems  constitutes  the  complexity 
of  the  i)roblem,  but  it  explains  and  renders  necessary  several  well-known 
phenomena. 

There  is  another  impressed  vector  system,  whose  axis  is  parallel  to 
the  electromagnetic  radiation,  the  lines  of  which  are  distorted  into  a 
much  more  complicated  form  than  those  of  the  polar  field,  because  the 
axis  of  the  earth's  magnetization,  the  earth  having  a  permeable  shell, 
is  approximately  at  right  angles  to  the  equatorial  field.  This  is  the 
system  observed  in  the  diurnal  variation  of  the  needle.  Thus  two  sys- 
tems of  forces  are  impressed  irom  outside,  one  a  static  force,  varying 
with  the  changes  in  its  solar  base;  the  other  in  intensely  rapid  vibra- 
tion, generating  a  uniform  field  relatively  to  the  mass  of  the  earth  or  of 
a  common  magnet. 


Chapter  2. 


DBTERBCENATION  OF  THIS  26.68-DA7   SOLAR  MAGNETIC  PERIOD. 

ELEMENTS  OF  COMPUTATION  FOR  11  STATIONS,  MARCH,  1887.   . 

The  form  for  computing  a*,  «,  a^  /3  for  Greenwich,  March,  1887,  above 
described  on  page  41,  is  to  be  extended  to  all  stations,  whether  the 
deflecting  vectors  are  applied  to  the  hourly  or  the  mean  daily  variations 
of  the  normal  terrestrial  magnetic  field.  To  show  the  relations  simul- 
taneously existing  among  these  vectors  at  several  stations  of  the  northern 
hemisphere  in  the  case  ot  the  mean  variations  for  successive  twenty-four 
hours,  similar  computations  tor  Los  Angeles,  Toronto,  Greenwich,  Paris, 
Pola,  Prague, Vienna,  Pawlowsk,  Tiflis,  Zi-Ka-Wei,Batavia,  are  brought 
together  for  March,  1887.  Those  for  Greenwich  are  transferred  from 
the  preceding  Table  2.  The  preliminary  Table  3,  '^Data  from  reports, 
with  reduction  factors  to  G.  G.  S.  units,"  gives  the  name  of  the  station, 
the  values  of  H.  D.  V.  for  March,  1887,  the  factors  needed  to  pass  from 
the  published  data  of  the  reports,  AH,  aD,  aY  (in  scale  divisions, 
parts  of  the  horizontal  force,  millimeters,  minutes  of  arc),  to  the  corre- 
sponding equivalents  in  the  dx,  dy,  dz,  sixth  decimal  0.  G.  S.  units,  and 
finally  the  pages  of  the  reports  from  which  the  variations  of  the  elements 
are  extracted. 


Table  3. — Data  from  reports  mth  reduction  factorB  to  C.  G.  S.  unita, 

[March,  1887.] 


Station. 


l>OH  Angelea 

Toronto 

Greenwich . . 


Paris... 
PoU.... 
Pragne. 
Vienna. 


Pawlowsk . 

Tiflis 

Zlka-wei.. 
Batavia . . . 


H. 


0.27210 


D. 


—14    28.0 


0.18148  '  +17    61.7 


0.194&9 
0.21913 
0.19641 
0.20683 


0.10396 
0. 25701 
0.32070 
0.37092 


+16  56.0 

+10  30.4 

+10  17.1 

+  0  22.4 


+  0  25.6 

—  1  10.8 
+  2  10.9 

—  1  60.6 


V. 


0.43705 


0.42204 


0.41079 


0.46976 
0. 37614 
0. 34433 
0.19992 


Reduction  factors    to  sixth 
decimal  dyne. 


H 
D 
H 


1«  -- 

I-  = 

1«  -. 

1)1'  = 

H  lAH: 

1' 

IAV: 
1'  = 
1'  = 
1'  : 
!«•  : 
Dl—  : 
Vl—  : 
1'  : 
1' 

1'    : 
1'    : 


D 
V 
D 
D 
D 

H 


D 
D 
D 
D 


0. 000030 
0.000063 
0. 000100 
0.000046 
0. 0000018 
0.000053 
:  0.0000044 
0.000057 
0.000064 
:  0.000057 
0.000042 
0.000067 
0.000062 
0.000048 
0.000075 
0.000006 
0.000108 


C.  G.  S. 
C.  G.  S. 
C.  G.  S. 
C.  G.  S. 
C.  G.  S. 
C.  G.  S. 
C.  G.  S. 
C.  G.  S. 
C.  G.  S. 
C  G.  S. 
C.  G.  S. 
C.G.S. 
C  G.  S. 
C.  G.  8. 
C.  G.  S. 
C.  G.  S. 
C.  G.  S. 
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An  endphatic  protest  may  be  entered,  in  passing,  against  continaiDg- 
the  publication  of  magnetic  absolute  values  in  so  many  systems,  because 
tbe  labor  of  comparative  studies  in  t^restrial  magnetism  is  seriously 
increased,  and  the  danger  of  making  an  error  in  the  interpretation  of 
the  data  of  reports  is  always  menacing.  It  is  also  urged  that  each 
observatory  should  publish  the  values  of  the  deflecting  vectors  in  r,  », 
6r,  (i  as  being  the  really  interesting  product  of  the  observations,  thus 
sharing  the  labor  of  such  computations.  Only  such  reduction  factors 
are  entered  as  are  needed  in  the  transformations,  the  others  being,  as 
they  should  be,  already  in  G.  G.  S.  units.  The  vertical  f(N*ce  was  not 
available  at  the  time  this  work  was  done  for  Los  Angeles,  Toronto, 
Pola,  and  Prague.  The  United  States  Coast  and  Geodetic  Survey 
courteously  furnished  a  manuscript  advanced  report  for  Los  Angeles 
and  the  Toronto  Meteorological  Office  for  Toronto.  To  these  offices  our 
sincere  thanks  are  extended. 

Table  4. — Polar  coordinates  of  rectors  disturbing  the  normal  magnetic  field  at  several 

stations  for  March,  1887. 
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Table  4. — Polar  coordinates  of  rectors  disturbinfj  the  normal  magnetic  field  ai  several 

stations  for  March,  1SS7 — Coutiuued. 
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-26  —10 

136 

148  194 

215  172 

160  201 

219 

211 

4 

184 

S 

22  -77 

+  49 

+80 

—18 

-64  +31 

-62  —  0 

|155 

157  190 

229  170 

172  103 

166 

174 

7 

236 

S 

23  -71 

+  86 

r71 

—44 

-88  ,+36 

-  42  -  9 

189 

152  38 

235  166  208  1126 

240 

317 

19 

348 

s 

24  -7H 

tlO 

r44 

—49 

—  4  !  46 

+  17  —15 

179 

128  53 

189  181  135  'l66 

157 

180 

243 

191 

s 

25  -47 

164 

+  67 

+  15 

—64  —32 

-46  +  7 

296 

31  1  33 

194  ,119 

0  72 

45 

180 

357 

181 

NS 

26  —12 

1  87 

+57 

4  40 

-73  —72 

+  45  -fU 

120 

150  24 

328  62 

44  ,  48 

53 

359 

14 

21 

N 

27  -19 

+78 

+52 

+43 

—84  ,-84 

+63  !  +  14 

314 

336  22 

97 

107 

12 

28 

75 

35 

178 

286 

N 

28    0 

+72 

+  54 

f43 

-83  1—67 

-|69  '  +  17 

245 

,321  i  30 

174 

136 

294 

38 

102 

91 

170 

221 

KS 

29  -12 

+  17 

+  3 

+  16 

—76  —82 

+62  —10 

327 

^  31  21 

15 

4 

96 

11 

65 

52 

201 

32 

N 

30  —19 

-  3 

—13 

—20 

—58  -63 

1  49  —  6 

329 

348  22 

16 

11 

45 

15 

28 

14 

327 

342 

N 

31  \-   7 

—  3 

-27 

—13 

—40  -48 
«r  61.6. 

f33  —16 
»  85.7. 

345 
cc 

13 

28 

19 

•  •  ■  « 

44 

16 

20 

20 

r 

349 

344 

N 

»8a  0.71 

88.    a  a^Z'. 

DI^OUSSION  OF  THE  BESULTS  OF  THE  TABULATIONS. 

An  examination  of  the  Table  4  of  a*, «,  a^  /?for  eleven  stations,  March, 
1887,  two  situated  in  North  America,  seven  in  Europe,  and  two  in  east- 
em  Asia,  thus  embracing  180^  or  more  in  longitutude,  shows  that  the 
magnetic  action  is  simultaneous  throughout  the  hemisphere.  This  is 
evident  from  the  fact  that  the  values  oi  a  s  tend  to  rise  and  fall  together, 
in  spite  of  many  irregularities  at  the  individual  stations,  whose  exact 
cause  may  be  referred  partly  to  instrumental  and  partly  to  local  condi- 
tions; also  the  values  of  the  azimuth  angle  /?i  show  a  series  of  sudden 
reversals,  as  between  March  5  and  0,  March  20  and  21.  Against 
each  day  is  placed  the  letter  ^N"  when  the  values  of  fix  are  in  the  large 
majority  of  instances  directed  northward,  S  when  pointing  southward, 
and  NS  when  partly  northward  and  partly  southward,  the  field  being 
then  only  irregularly  disturbed  from  its  normal  state.  The  angle 
/5i  =  /i  +  the  magnetic  declination  of  the  station,  and  it  gives  the  azi- 
muth counted  from  the  geographical  north.  This  systematic  reversal  of 
the  direction  of  the  impressed  deflecting  forces  over  the  entire  northern 
hemisphere,  extending  also  to  the  southern  hemisphere  at  the  same  time, 
as  can  be  readily  demonstrated,  is  of  prime  importance  in  the  solution  of 
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our  problem.  It  shows  that  only  au  extraterrestrial  maguetic  field  can 
be  primarily  coucerned  iu  these  variations  of  the  earth's  field  taken  as  a 
whole  from  day  to  day,  for  the  following  reasons:  If  the  variation  is 
due  to  local  changes  in  the  earth's  intensity  of  magnetization,  it  would 
not  be  simultaneous  over  both  hemispheres;  if  it  were  due  to  changes 
in  the  magnetization  within  the  earth  taken  as  a  whole,  the  variation  in 
the  external  field  would  be  that  of  vectors  directed  along  the  normal 
lines  of  force;  if  the  disturbing  vectors  are  not  along  the  normal  lines, 
but  athwart  them,  as  indicated  in  Chart  8,  and  the  disturbance  is  simul- 
taneous over  the  entire  globe,  it  can  happen  only  by  the  earth  as  a 
whole  being  immersed  in  an  external  field  of  greater  or  less  strength 
than  that  contributing  to  the  earth's  normal  field.  If  the  earth's  mag- 
netization is  constant  and  the  earth  is  immersed  in  a  uniform  external 
field,  then  a  normal  steady  field  will  snrroaud  the  earth,  compounded 
of  these  two;  this  is  the  observed  normal  Ho,Do,Vo.  When  the  exter- 
nal field  varies,  the  aH,^D,  A  V  thus  arising  show  whence  the  cause 
of  the  variation  resides.  We  do  not  need  to  laboriously  compute  poten- 
tials when  the  question  is  so  immediately  settled  by  the  direction  of 
the  deflecting  vectors,  whether  the  disturbances  of  the  normal  field 
come  from  the  outside  or  inside  the  earth. 

VALUIC  OF  TUK  ANGLE   a  FOR  TUB  EUROPEAN  FIELJ>. 

Tarning  to  a  the  altitude  angle  of  the  vector,  it  is  seen  that  the 
irregularity  in  its  values  is  very  great  and  that  this  is  the  least  useful 
of  the  elements.  By  comparing  a  large  number  of  months,  extending 
over  several  years,  it  is  concluded  that  in  the  northern  hemisphere 
positive  values  of  a  accompany  southerly  values  of  /?;  in  a  word,  that  the 
deflecting  forces  enter  the  northern  hemisphere  from  north  to  south; 
they  emerge  in  the  southern  hemisphere  when  directed  southward 
(Chart  8).  At  each  station  on  the  average,  the  vector  enters  the  earth 
at  a  constant  angle;  the  field  is  therefore  moved  as  if  a  component, 
forward  or  back,  were  exerted  along  a  definite  line,  the  amount  of  the 
give  or  take  registering  the  strength  of  the  external  field. 

To  determine  the  values  of  the  angle  a,  it  is  seen,  by  comparing  the 
mean  values  of  the  horizontal  component  (T  and  the  total  vector  force 
8  for  the  same  interval  of  time,  that  they  stand  in  a  nearly  constaift 
ratio  to  each  other,  (X  =8  cos  a;  this  is  persistent  for  a  given  station, 
from  year  to  year.  Confining  the  mean  values  iu  the  case  of  March, 
1887,  to  Greenwich,  Paris,  Vienna,  Pawlowsk,  Tiflis,  in  order  to  com- 
pare stations  having  about  the  same  locality  and  having  the  same 
relation  to  the  external  field,  we  find  the  mean  value  of  or  for  March, 
1887,  61.6;  the  mean  value  of  8  for  March,  1887,  85. 7,  and  hence 
cos  a  =  0.7188;  a:  =  440  3', 
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Table  5. — Angle  a  for  European  stations,  by  periods. 


1886. 

1 

1 

1887. 

or 

M       ;  coa  a 

1 

a 

0 

33 

1   <r 

75 

cos  a 

a 

o 
40 

1 

00 

1 
118    U.84 

1 
1 

1   61 

0.70 

2 

64 

77    0.85 

32 

68 

81 

0.78 

39 

3 

09 

130    0.77 

30 

1    61 

04 

0.05 

49 

4 

88 

124    0.71 

44 

'   62 

81 

0.77 

40 

5 

01 

110  ,  0.84 

33 

78 

01 

0.82 

35 

« 

79 

111    0.73 

43 

64 

85 

0.77 

40 

7 

67 

126    0. 53 

68 

1   •! 

86 

0.71 

44 

8 

65 

104    0. 63 

51 

!   73 

00 

0.81 

36 

9 

73 

105    0. 77 

40 

78 

106 

0.74 

42 

10 

105 

123    0. 87 

30 

76 

100 

0.70 

41 

11 

88 

114    0.79 

38 

75 

04 

0.80 

37 

12 

03 

109    0. 87 

30 

63 

82 

0.77 

39 

13 

76 

96  1  0.80 

37 

60 

99 

0.70 

46 

14 

1 

•■■•«• 

68 

85 

0.81 

36 

Mean  a,  1886;  dSP  5';  1887,  40^  42'. 

If  the  values  of  a  s  are  thus  combined  by  the  periods  told  off  from 
the  ephemeris  soon  to  be  constructed,  13  in  1886,  and  14  in  1887,  the 
individual  values  of  a  for  each  i)eriod  are  given  in  Table  6.  The  mean 
angle  a  for  1886  is  39^  5',  and  lor  1887, 40©  42'.  For  Europe  generally 
it  is  about  40^,  and  this  value  persists  for  as  many  years  as  the  angle 
has  been  followed  in  our  computation. 

VALUE  OF  THE  ANGLE  fii  FOR  THE  EUROPEAN  FIELD. 

From  the  same  tables  the  mean  angle  /3i  is  about  7^  west  of  north  for 
Europe,  as  found  by  taking  mean  values  of  the  angle.  These  angles, 
a  /?!,  determine  the  mean  line  along  which  the  vector  impinges  upon 
the  stations  of  Europe.  Likewise  the  angles  a  /Si  have  been  deter- 
mined for  all  available  stations  in  both  hemispheres.  The  result  is 
that  these  vectors  are  impressed  on  the  earth  nearly  along  the  magnetic 
meridians^  and  as  if  radiating  from  tlie  center  of  the  auroral  ovals,  being 
perpendicular  to  the  isocliasmen.  (van  Bemmelen,  Meteorol.  Zeit., 
Sept.,  1895.) ;  also  that  they  touch  the  surface  of  the  earth  in  the  lines  of 
the  diagram  No.  8,  as  if  the  earth  were  a  shell  of  permeable  magnetic 
material.  These  angles  can  be  constructed  with  accuracy  from  the 
discussion  of  many  observations.  Since  the  vertical  force  is  difficult 
to  observe  very  accurately  in  regular  observatory  work,  and  the  hori- 
zontal component  is  more  steady  and  reliable,  by  the  use  of  the  niean 
angle  ex  for  a  given  station  the  horizontal  variations  can  be  made  to 
check  the  results  of  the  vertical-force  instruments,  and  thus  contribute 
substantially  to  their  reliability. 

It  will  be  shown  that  an  increase  in  the  strength  of  the  external 
field  causes  a  diminution  in  the  horizontal  component  and  an  increase 
in  the  vertical  component  over  the  entire  earth  and  that  these  are 
equivalent  to  a  vector  pointing  south  and  entering  the  earth  in  the 
northern  but  emerging  in  the  southern  hemisphere.  This  is  evidently 
a  proof  positive  that  the  earth  is  immersed  in  a  variable  magnetic  field 
external  to  the  earth  and  its  atmosphere, 
10305— No.  21 i 
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PERIODIC 


BETBBSAL     OP    THB    AZIMUTHS     OF 

FOBGBS  DUBnva  1887. 


THE     DEFLECTING 


Having  shown  the  method  of  determining  theyectors  of  the  impressed 
forces  at  several  stations,  attention  will  be  directed  to  the  behavior  of 
the  geographical  azimnth  angle  fix  in  the  year  1887  for  the  same  eleven 
stations.  The  March  values  are  transferred  to  the  proper  place  in 
Table  6  for  1887.  All  the  rows  are  inspected  and  marked  N  or  S,  as 
described.  It  is  readily  perceived  that  the  year  tends  to  be  sabdivded 
into  recurring  groups,  consisting  of  about  twenty -seven  days,  and  that 
each  27-day  group  is  generally  composed  of  a  short  i)art  of  about  eight 
days  and  a  long  portion  of  nineteen  days,  on  the  average.  Thus  we 
have: 


Dftjs. 

Jan.     5-Jan.  13 9N 

Jan.   31-Feb.    8 9N 

Feb.  25-Mar.    5 9N 

Mar.  25-Apr.    2 9N 

Apr.  20-Apr.  28 9N 

May   18-May  23 6N 

June  13-Jiuie20 8N 

July    7-July  U 8  8 

Aug.    2-Aag.  10 9  8 

Aug.  29-8ept.  5 8  8 

Sept.  26-Oct.    3 8  8 

Oct.   24-Oct.  31 8  8 

Nov.  20-Nov.  26 8  8 

Dec.   16-Dec.  23 8  S 


Days. 

14-Jan.  30 17  8- 

9-Feb.  24 16  8- 

6-Mar.  24 19 

S-Apr.  19 17  8- 


Jan. 
Feb. 
Mar. 
Apr. 

Apr.   29-lifay  17 19  8 

May   24->Junel2 20 

June  21-Jnly    6 16  8 

July  15-Ang.    1 18N 

Aug.  11-Aug.  28 18N 

Sept.    6-8ept.25 20N 

Oct.     4-Oct.  23 20N 

Nov.     1-Nov.  19 19  N 

Nov.  27-Dec.  \5 19  N 

Dec.  2i-Jan.  12 20  N 


ToUl 
days. 

-26 
-25 

-28 

-26 

-28 


-24 
-26 
-27 
-28 
-28 
-27 
-27 
-28 


MiMinn 


8.90 


18. 40 ^26. 70 
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Table  6. 

JANUAKY,  1887  (0i), 


i 


1 

2 
8 
4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 
15 
16 
17 
18 
10 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 

31 


I 

3 


e 
H 


a 


^ 


327 

348 

56 

146 


350 
337 
356 
342 
341 
329 
385 
338 
329 


160 
148 
181 
172 
17S 
191 
166 
179 
261 
163 
170 
169 
194 
179 
190 
171 
216 


186 
266 
211 
161 


204 

226 

280 

186 


i 

4 

A< 

Pk 

29 

42 

161 

81 

204 

190 

178 

208 

358 

212 

350 

160 

41 

76 

297 

69 

84 

21 

0 

41 

89 

10 

366 

61 

34 

10 

349 

44 

21 

14 

10 

68 

36 

20 

358 

350 

32 

348 

337 

45 

85 

23 

859 

0 

851 

128 

_     J 

33  i 
15  ' 
22  i 
82 
72  I 

54  I 
355 
46 


351 

1 

101 

198 


^ 

•8 

^ 

^ 

£ 

1 

A 

03 

■r^ 

ji 

161 

^ 

M 

832 

251 

29 

806 

818 

167 

338 

328 

201 

264 

218 

211 

282 

303 

212 

63 

32 

359 

844 

27 

29 

7 

830 

17 

857 

358 

343 

18 

81 

1 

856 

19 

27 

7 

359 

40 

37 

18 

842 

46 

14 

356 

352 

29 

34 

•  11 

854 

166 

198 

170 

191 

200 

184 

200 

194 

212 

204 

315 

161 

822 

118 

189 

290 

1 

198 

9 

168 

276 

100 

27 

69 

21 

0 

322 

70 

4 

67 

10 

47 

22 

353 


11 


08 
198 
196 
241 
181 
198 
176 
166 
116 
168 
248 
169 
204 
211 
276 

271 
270 


28 
194 
180 
212 
220 
107 
212 
147 

17 
108 
218 
168 
160 
171 

26 

75 
216 


351 
204 
197 
170 
280 
204 
270 
218 

90 
170 
102 
166 
208 
190 
166 
270 
188 


I 


0 
202 
199 
200 
209 
226 
212 
224 
344 
170 
168 
226 
288 
211 
89 
246 
228 


365 
197 
180 
176 
168 
198 
202 
169 
161 
169 

88 
184 
127 
184 

91 
118 

91 


285 


13 


270 


10 


89 


s 


340  N 

848  K 

849  N8 
140         H 


186  K8 

345  N 

352  N 

357  N 

351  K 

5  N 

341  K 

861  N 

343  N 


10      K8 
186         8 


169 

148 

241 

167 

186 

170 

164 

168 

166 

167 

160 

164 

174      K 

164      NS 

162      N8 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


4     N 


FEBRUARY,  1887  (0i). 


1 

191 

809 

857 

207 

242 

226 

227 

222 

208 

327 

15 

8 

2 

274 

3 

34 

69 

281 

107 

260 

90 

108 

861 

N8 

3 

196 

4 

853 

1 

306 

11 

346 

18 

303 

869 

N 

4 

341 

14 

8 

42 

126 

841 

2 

44 

16 

10 

846 

K 

5 

189 

26 

2 

106 

210 

200 

261 

244 

268 

847 

856 

N 

6 

317 

13 

31 

41 

142 

309 

20 

90 

37 

182 

806 

K 

7 

817 

346 

60 

54 

80 

25 

55 

90 

83 

270 

849 

N 

8 

324 

186 

62 

31 

24 

16 

30 

61 

287 

39 

286 

332 

K 

9 

171 

186 

184 

292 

10 

260 

240 

4 

862 

2 

N8 

10 

12 

274 

191 

8 

28 

42 

14 

00 

337 

216 

342 

N 

11 

357 

184 

101 

36 

46 

60 

16 

8 

340 

846 

62 

N 

12 

168 

181 

211 

222 

208 

202 

218 

197 

196 

244 

142 

8 

18 

167 

208 

216 

208 

208 

288 

211 

220 

201 

106 

181 

8 

14 

162 

178 

210 

244 

211 

226 

281 

208 

207 

180 

206 

8 

15 

191 

211 

204 

108 

214 

200 

194 

218 

188 

177 

108 

8 

16 

212 

140 

204 

202 

89 

228 

208 

181 

198 

180 

201 

8 

17 

100 

166 

208 

188 

297 

8 

355 

839 

188 

208 

K8 

18 

856 

198 

270 

352 

272 

354 

359 

388 

288 

834 

N 

19 

106 

186 

356 

22 

160 

11 

310 

322 

1 

855 

N 

20 

287 

86 

190 

167 

179 

148 

160 

211 

202 

350 

126 

8 

21 

117 

108 

102 

177 

171 

186 

191 

176 

108 

188 

160 

8 

22 

187 

186 

97 

167 

162 

104 

101 

177 

206 

82 

200 

8 

23 

160 

176 

12 

106 

192 

211 

182 

217 

200 

354 

197 

8 

24 

176 

20 

16 

166 

216 

27 

179 

91 

164 

17 

186 

8 

26 

832 

17 

15 

67 

83 

26 

81 

33 

29 

20 

182 

N 

26 

56 

335 

16 

66 

282 

11 

23 

39 

48 

1 

162 

N 

27 

817 

162 

84 

118 

188 

21 

180 

300 

242 

2 

181 

N 

28 

5 

342 

24 

106 

66 

13 

87 

61 

22 

26 

190 

N 

52 

Table  tf— Continued. 

MARCH.  1887  01,). 


i.  ! 


1 
2 
3 

4 
5 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
10 
17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 


I        .iZ         I 


309 

345 

333 

10 

09 


2 

I 

H 


343 
23 

357 

6 

32 


lis 

189 

102 

185 

147 

178 

146 

144 

1«6 

178 

158 

180 

161 

311 

29 

229 

357 

352 

146 

228 

111 

191 

22 

287 

22 

356 

3 

353 

59 

185 

1S6 

148 

155 

167 

189 

162 

179 

12S 

296 

31 

120 

160  1 

314 

336 

246 

321 

327 

31 

338 

348 

345 

13 

i 


180 

108 

43 

44 

45 


221 
204 
192 
208 
161 
208 
190 
201 
174 
198 
208 
199 
206 
286 
194 
194 
190 
38 
53 


33 
24 
22 
30 
21 
22 
28 


5 


29 

9 

16 

18 

349 


244 
201 
142 
179 

359 

268 

287 

321 

37 

206 

196 

358 

327 

354 

11 

216 

229 

286 

180 


194 

328 
97 

174 
15 
16 
19 


I 


61  6 
20  !  7 
16  •  0 
26  7 
8    

28«  I 

229    

268  1 

204  j 

55    

286         202 

191  j       219 

340         196 

29         160 

54  ,       188 

197         206 

90  I       162 

49  I       126 

0         102 

33  ;       266 

172  !       160 

170         172 

166         268 

181         186 


119 

62 

107 

186 

4 

11 


a 
a 


57 
32 
18 
26 
29 


216 

191 

194 

191 

181 

206 

198 

288 

65 

21 

206 

53 

18 

1 

5 

201 

108 

126 

166 


0 
44 
12 
294 
96 
45 
44 


72 
48 
28 
38 
11 
15 
16 


■ 
O 

cS 
P4 


21 
40 
29 
44 
43 

288 

219 

208 

192 

164 

229 

217 

304 

89 

58 

287 

91 

28 

357 

334 

219 

166 

240 

167 


• 


66 
338 

7 
17 

9 

221 
192 
194 
196 

206 
280 
194 

40 

32 

29 

288 

39 

17 

15 

334 

211 

174 

317 

180 


247  , 

180  i 

312  ! 

15 
350 

180 
176  ! 
180  ' 
186  I 

187 ; 

172  ; 

188 
268 
191 
197 
166 
191 

6 

8 
350 

4  . 

1^ 

248  , 


45 

180 

357 

53 

:{50 

14 

75 

35 

178 

102 

91 

176 

65 

52 

201 

28 

14 

327 

20 

20 

340 

5 

ce 


58  X 

349  N 

356  N 

347  K 

354  N 


220 
186 

314 
179 

98 
357 
348 


S 
S 
8 
8 
S 
S 
S 


37  NH 

183  NS 
247  S 
180  S 
194  S 
271  N 
340  N 
354  K 

184  S 
286  S 
348  S 
191  8 


181  ys 

21  N 

286  K 

221  NS 

32  N 

342  N 

344  N 


APRIL,  1887  O,). 


1 
2 

3 

6 

t 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 
23 
24 
25 
26 
27 
28 

29 
30 


333 
307 


341  I 
146  ! 
166 
176 
166 
166 
146 
166 
181 
167 
101 
815 

96 

30 

30 

25 
1 


1H7 
0 


347 
315 


80 

129 

198 

196 

214 

177 

196 

188 

191 

117 

11 

313 

275 

354 

98 

350 

8 


174 
194 


26 
50 


353 

21 

846 

24 

331 

356 

262 

186 

336 

5 

242 

112 

330 

22 

342 

19 

120 

168 

345 
170 
170 
196 


326 
176 

344 
281 
322 
182 
350 
8 
334 

228 

285 


18 
304 


99 

171 

852 

297 

211 

214 

184 

174 

190 

101 

221 

226 

190 

208 

168 

108 

182 

174 

308 

330 

40 

23 

35 

34 

162 

177 

308 
144 
147 

10 


24 
72 

355 

10 

2 

118 
44 
26 

344 

184 
224 


308 
187 


184 

197 

208 

186 

196 

166 

282 

128 

26 

168 

10 

95 

43 

25 


20 

49 

3 

336 

358 

186 

11 

14 

348 

206 

347 


43 
2 

71 

89 

196 

180 

212 

284 

224 

164 

140 

120 

61 

50 

119 

220 

170 

78 

1 


I 


162  \ 

335  I 


19  I 

329  I 

I 

166 

338 

201     : 

162  , 

180  I 

207 

180 

186 

166 

218 

186 

34  I 
170  ' 

17 
120 

08 


186 
184 


21 
0 


19 

5 

348 

34 

38 

96 

355 

351 

10 

341 

260 

203 

201 

351 

102 

98 

168 

189 

330 

62 

28 

341 

18 

17 

3 

334 

338 

184 
180 


I 


12 
353 


309 

275 

332 

5 

282 

196 

201 

181 

198 

174 

197 

148 

192 

182 

212 

174 

132 

166 

189 

190 

342 

281 

27 

35 

207 

214 

1 

20 

7 

190 

180 

.43 

9 

25 

192 
169 


356 
350 

7 
1 

41 

77 
166 
182 
149 
167  I 
179  I 
166 

186  , 
179 
186 
196  i 

187  ' 
199  \ 
269  ! 


346 

248 

60 

241 

12 

350 

22 

2 

141 

42 

179 

282 

61 

267 

20 

1 

320 

357 

186 

178 


4  N 

32  N 

0  NN 

10  N 

162  S 


178 
188 
166 
169 
181 
166 
166 


188 
162 


8 

8 
K 
8 
8 
S 
8 


181  NK 

322  N 

280  K 

6  N 

122  N 

171  KK 

345  y 

344  N 

332  N 

27  N 

358  N 
162  N 
118  8 
164  N 

359  N 
9  N 


K 
8 


53 


Table  6 — Continued. 


MAY,  1887  (fii). 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 
20 
21 
22 
23 

24 
25 
26 
27 
28 
29 
30 
81 


OR 


I 


248 

202 

1&8 

171 

148 

171 

140 

352 

326 

279 

324 

344 

30 

189 

75 

86 

161 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


282 

6 
342 
324 
162 

7 
32 
334 
832 
300 
286 
273 


3 
a 


.4 

I 


O 


114 

209 

167 

144 

161 

188 

61 

61 

70 

57 

3 

347 

50 

146 

202 

821 

332 


282 

338 

294 

329 

318 

9 

323 

59 

38 

^6 

66 

26 

33 

126 

161 

178 

169 


217 
44 

196 
216 

271 
241 
206 
240 

43 
25 
41 
10 

343 
65 
75 

345 
83 


4 

P4 


288 
303 
208 
207 
204 
187 
202 
170 
176 
166 
100 
26 
357 
148 
168 
189 
187 


316 
292 
167 
241 
224 
226 
284 
194 
8 

41 

58 

31 

87 

86 

148 

168 

289 


a 
a 


288 

71 

195 

194 

207 

166 

191 

164 

93 

65 

82 

21 

10 

61 

188 

208 

199 


• 

M 

• 

► 

o 

■ 

-S 

HI 

^ 

3 

£ 

s 

288 

318 

188 

324 

219 

SOS 

188 

312 

174 

128 

10 

264 

210 

286 

78 

30 

331 

4 

46 

16 

116 

26 

24 

11 

89 

74 

57 

222 

176 

161 

181 

178 

244 

84 

218 

305 

164 

22 

168 

22 

40 

16 

25 

41 

208 

206 

6 

12 

204 

355 

801 

84 

199 

67 

8 

803 

840 

35 

24 

18 

209 

1 

18 
29 


160 

332 
261 

340 
18 
34 


803 

201 

196 

188 

197 

186 

196 

122 

168 

192 

181 

186 

166 

190 

46 

67 

308 

1H8 

211 

160 

221 

127 

73 

304 

288 

262 

288 

248 

157 

207 

357 

168 

199 

181 

190 

171 

194 

822 

191 

100 

6 

118 

41 

300 

327 

305 

202 

215 

23 

18 



308 

337 

312 

JUNE,  1887  Oi). 


149 

52 

53 

10 

162 

358 

51 

300 

277 

06 

359 

313 


6 

24 

180 

187 

172 

32 

388 

142 

168 

191 


344 

274 

267 

14 
179 
260 
121 

18 
340 
101 

33 

18 


324 
814 
352 

8  > 
171 
305  , 
100 

36 
334 
166 

24 
280 


299 

180 

241 

206 

283 

354 

302 

10 

218 

186 

256 

209 

281 

166 

316 

31 

273 

28 

269 

222 

320 

112 

280 

186 

t 


355 
260 

80 

311 

820 

190 

192 

188 

188 

1 

17 
859 
856 
357 
6 
847 
336 


4 

352 

176 

37 

60 

174 

196 

202 

169 

354 

354 

1 

356 

319 

880 

20 

42 

82 

6 

16 

44 

248 

276 
32 


196 
208 
262 

817  i 
182  . 

64  , 

23 
161 


299 
264 
190 

7 

74 

192 

196 

47 

334 

184 

85 

286 


321 

268 

5 

355 

194 

202 

56 

43 

16 

160 

96 

108 


176 

178 

194 

303 

200 

166 

348 

83 

168 

198 

9 

11 


i 


116       8 
176    N 


190 
186 
216 
188 
247 


S 
8 
8 
8 
8 


6  N8 

886  N 

4  N 
358  N 

5  N 
178  N 
120  N8 
204       8 

56       8 
342        8 


186  8 

318  N 

170  8 

5  N 

11  N 

4  N 


351 

186 

10 

186 

104 

162 

172 

182 

179 

340 

164 

232 

169 

166 

186 

8 

181 

8 

162 

8 

353 

N8 

191 

8 

329 

8 

170 

N 

176 

N8 

345  N 

8  8 

356  N 

353  N 

201  8 

169  8 

322  N8 

43  N 

14  N 

179  8 

33  N8 

10  N8 


13 

170 

198 

206 

208 

192 

195 

184 

35 

181 

282 

105        8 

14 

63 

264 

188 

179 

194 

227 

106 

221 

208 

179 

176        8 

15 

161 

43 

284 

197 

216 

257 

202 

224 

217 

186 

175        8 

16 

166 

16 

3 

48 

199 

268 

167 

232 

240 

206 

209       8 

17 

44 

33 

344 

336 

306 

286 

809 

326 

294 

93 

322    N 

18 

349 

337 

23 

26 

23 

25 

21 

34 

337 

7 

18    N 

19 

201 

331 

35 

51 

55 

103 

32 

25 

827 

350 

237    N 

20 

43 
202 

217 
262 

284 

179 

307 

17 

54 

311 

184 

35 

13 

174    N 

21 

217 

162 

86 

219 

147 

166 

0 

171        8 

22 

191 

167 

209 

288 

212 

140 

226 

247 

194 

11 

171        8 

23 

208 

166 

202 

286 

187 

162 

282 

289 

202 

356 

168       8 

24 

161 

149 

190 

176 

155 

124 

353 

171 

168 

181        8 

25 

210 

96 

188 

185 

170 

118 

165 

337 

192 

187 

200       8 

20 

277 

29 

278 

288 

343 

30 

35 

108 

6D 

285 

200    N 

27 

288 

30 

167 

164 

28 

74 

121 

187 

188 

326 

226    NS 

28 

268 

4 

186 

'»02 

940 

71 

76 

282 

299 

854 

178    N 

29 

347 

350 

81 

28 

19 

41 

39 

43 

19 

35? 

100    X 

30 

322 

11 

166 

33 

12 

43 

23 

358 

5 

298    K 

54 

Table  6 — Contiimed. 

JULY,  1887  O,). 


cs 


1 

2 
3 
4 

5 
6 

V 

8 

0 

10 

11 

12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


e 

% 

3 


86< 

887 
268 

817 
811 
161 


148 
182 
219 
168 
188 
128 
168 
28 


32 

36 

7 

4 

90 

187 

13 

353 

46 

21 

28 

336 

329 

3ri5 

340 

851 

856 


o 
H 


298 

35  ! 
117 

20 
301  i 
284 

69 

42  , 
3 

15 

20 

38 
350 

12 
1 
4 

10 


35 

182 

349 

146 

11 

160 

•6 

67 

36 

49 

144 

172 

808 

189 

209 

198 

176 

196 

196 

166 

200 

180 

184 

176 

219 

190 

96 

287 

15 

10 

248 

307 

288 

0 

198 

335 

16 

90 

59 

36 

22 

836 

4 

346 

852 


I 


107 

16 

128 

35 

18 

198 

199 
192 
211 
72 
200 
180 
198 
280 


202 

801 
294 
805 
344 
314 
1 

15 
26 
23 
5 
30 
859 
10 
23 
21 


o 


29 
14 
48 
28 
16 
287 


191 
206 
227 
284 
168 
210 
277 

168 

11 

288 

815 

42 

278 

210 

85 

18 
187 
108 

78 

60 

70  ; 

30 

43 

84 


280 
280 
244 

297 
180 

311 

226 

17 

358 

67 

39 

322 

350 

365 

303 

350 

331 


• 

• 

a 

M 

a 

48 

V 

^T 

fi 

> 

54 

209 

5 

261 

13 

261 

25 

14  : 

7 

10 

181 

280 

o 

1 


S 
H 


42 

18 

270 

287 

57 

280 

221 

47 


35 
8 
18 
14 
17 
29 
26 


106 

148 

1 
9 

818 

188 

1 

293 

859 

6 

17 

15 

8 

24 

16 

2 

854 

268 

4 

36 

48 

182 

186 

67 

184 

288 

262 

187  , 

348 

1 

189 

9 

328 

180 

280 

232 

179 

277 

186 

188 

6 

62 

804 

348 

338 

808 

25 

58 

819 

356 

82 

881 

61 

58 

295 

16 

12 

348 

348 

828 

2 

18 

20 

347 

16 

31 

5 

3 

5 

349 

I 


5 

N 

856 

K 

12 

K 

0 

N 

4 

N 

21 

S 

176 

S 

190 

8 

180 

8 

348 

8 

861 

8 

188 

8 

191 

8 

171 

8 

14 

N 

806 

N8 

198 

8 

848 

N 

303 

N 

811  N 
161 

100  N 

4L  N 

110  N 

81  N 

343  N 

17  K 

2  N 

24  K 

19  N 

7  N 


8 


AUGUST,  1887  (tf,). 


170 


888 


11 


18 


8 


283 


21 


2 
3 
4 

6 
6 
7 
8 
9 
10 

11 
12 
13 
U 
15 
16 
17 
18 
10 
20 
21 
22 
23 
24 
26 
26 
27 
28 

29 
30 
31 


13 

349 

344 

344 

812 

30 

7 

847 

341 

1 

22 

327 

330 

350 

321 

359 

8 

342 

189 
188 
228 


176 

812 

281 

218 

171 

187 

144 

161 

161 

167 

204 

186 

176 

178 

168 

184 

174 

108 

228 

226 

167 

168 

217 

287 

167 

201 

206 

287 

19 

36 

267 

307 

330 

47 

184 

345 

28 
1 
354 
294 
339 
171 
324 
341 

45 

23 
9 

13 
357 

13 
852 

111 

9  : 

186  , 

187 
182 
177 


160 
191 
110 
178 
208 
166 
117 

83  ' 
191  I 
104 
178 
188  ; 
179  , 
128  ! 

42 

26  , 

13 
4 

16 
36 
16 


16 
9 

35 

9 

820 

57 

73 

65 

337 

53 

16 

192 

168 

17 

18 

1 

346 

288 

196 
199 
266 


' 

228 

191 

194 

171 

194 

176 

117 

162 

198 

179 

171 

194 

172 

189 

244 

174 

224 

142 

8 


9 


869 


352    N 


208 
328 

24 
9! 
287 

79 

43 

38 

30 

31 

2 

164 

79 

43  I 

32  i 

30 

12 
888  , 

208 
178 

57 


181 
120 

77 

71 

197 

98 

34 

128 

149 

24 

11 

15 

2 

7 

12 

11 

357 

333 

341 
266 

332 


198 

187 

189 

166 

!        182 

8 

182 

818 

208 

187 

174 

H 

189 

886 

104 

172 

176 

8 

181 

184 

178 

180 

188 

8 

204 

809 

192 

188 

806 

8 

207 

804 

202 

181 

186 

8 

196 

800 

188 

172 

198 

8 

280 

260 

278 

347 

325 

8 

273 

268 
294 

341 
325 

174 
108 

350 

N8 

274 

351 

N8 

312 

281 

344 

174 

359 

N 

13 

13 

3 

6 

7 

N 

359 

17 

2 

27 

345 

N 

278 

279 

330 

4 

888 

N8 

119 

144 

218 

184 

178 

8 

88 

20 

12 

197 

346 

N 

38 

4 

338 

211 

348 

N 

38 

42 

33 

164 

4 

N 

27 

30 

10 

25 

860 

N 

1 

11 

7 

353 

851 

N 

178 

356 

60. 

352 

348 

K8 

15 

343 

5 

19 

13 

N 

21 

43 

69 

9 

357 

K 

15 

17 

17 

0 

3 

N 

12 

12 

16 

350 

345 

N 

354 

5 

24 

29 

837 

K 

291 

321 

849 

5 

838 

N 

284 

207 

197 

166 

191 

8 

188 

184 

182 

164 

178 

8 

186 

102 

176 

161 

178 

8 

66 

Tabub  6— ContinaecL 
SEPTBMBEB,  1887  Oi). 


te 


i 

•3 

0 


a!  3 


1  220 

2  ;  177 
8  164 
4       198 

808 


26 
27 
28 
29 
80 


5 

a 

8 

o 
H 


158 
169 
165 
169 

6 


O 


34 

23 

318 

9 

12 


I 


6 

821 

843 

7 

832 

822 

8 

849 

846 

9 

2 

857 

10 

361 

301 

11 

75 

303 

12 

6 

2 

13 

850 

14 

14 

341 

286 

16 

197 

288 

16 

297 

19 

17 

824 

1 

18 

821 

857 

19 

852 

-11 

20 

844 

356 

21 

826 

I 

22 

844 

306 

28 

74 

42 

84 

20 

349 

25 

171 

182 

20 

12 

10 

21 

20 

299 

256 

209 

23 

148 

188 

10 

31 

40 

47 

41 

104 

268 

211 


6 

15 

14 

880 

258 

812 

24 

26 

60 

854 

44 

24 

4 

82 

62 

808 

87 

270 


i 

& 


182 

176 

189 

180 

194 

171 

198 

162 

158 

161 

76 

148 

7 

58 

87 

96 

111 

106 

80 
65 


• 

M 

« 

^ 

^ 

s 

^ 

a 

i 

> 

f^ 

176 

160 

181 

'    185 

188 

196 

172 

189 

169 

160 

177 

196 

25 

17 

10 

27 

21 

27 

83 

62 

838 

367 

247 

380 

8 

66 

18 

26 

851 

324 

50 

97 

343 

46 

292 

28 

21 

18 

32 

17 

34 

43 

64 

84 

342 

294 

851 

226 

289 

280 

184 
188 
177 
170 
166 


186 

366 

8 

13 

90 

15 

3 

4 

16 

858 

159 

31 

13 

9 

6 

19 

45 

863 

812 

309 


a 

■Pi* 
M 


I 


195 
260 

848 
0 
7 


21 

317 

178 

207 

179 

190 

168 

199 

367 

360 

225 

98 

98 
4 

10 
166 

98 
6 

367 
3 


174 

169 
175 
167 
195 
99 

210 
194 
201 
204 

188 
202 
185 
201 
205 

• 

198 
220 

188 
194 
198 

196 
198 
192 
200 
'     196 

190 
186 
185 
201 
179 

176 
188 
157 

0 
367 

178 
176 

111 

110 

186 
182 
158 


11 


8 
8 
8 
8 
8 


867  K 

11  K 

6  K 

2  K 

25  N 

10  N 

860  K8 

844  K 

0  N 

860  N 

196  8 

820  N 

369  K 

366  N 

46  K 

14  N 

860  K 

6  N 

192  K8 

6  N 


190 
175 
180 
188 
177 


8 
8 
8 
8 
8 


OCTOBER,  1887  Oi). 


1 

116 
151 

26 

9 
327 
286 
340 
11 
342 

179 
176 
201 

142 
151 

47 

36 
34 
56 

23 
79 
60 

104 
195 
199 

174 
44 

27 

339 

90 

21 

1 

189 
189 
192 

202 
178 
217 

179 
190 
204 

175 
184 

186 

111 

813 
348 

8 

2 

8 

8 

1 

8 

1 

4 

185 

335 
140 

322 

u 

33 

165 
83 
188 
185 
196 
288 

175 

88 

35 

11 

6 

848 

14 
16 
17 
10 
2 
848 

187 
218 
273 
186 
273 
199 

862 
368 
857 
32 
849 
836 

NK 

6 

1 

N 

fi 

1    **  ' 

N 

7 

N 

R 

N 

9 

225 

N 

10 

325 

275 

44 

27 

9 

44 

884 

5 

204 

861 

N 

11 

334 

329 

158 

327 

388 

324 

4 

888 

196 

867 

N 

12 

175 
188 
120 

286 
167 
169 

179 
190 
198 

261 
217 
221 

828 
218 
214 

305 
124 
202 

2 
282 

202 

190 
172 
182 

216 
172 
180 

8 

18 

8 

14 

11 

8 

15 

886 

6 

172 

52 

22 

42 

114 

178 

188 

172 

8 

16 

338 

11 

188 

36 

14 

67 

04 

69 

287 

20 

N 

17 

882 

829 

46 

81 

28 

26 

48 

31 

77 

4 

N 

18 

3 

331 

28 

366 

17 

12 

83 

19 

330 

4 

N 

10 

340 

367 

66 

87 

21 

21 

17 

16 

866 

10 

N 

90 

843 

1 

61 

89 

27 

21 

36 

22 

15 

16 

N 

91 

9 

349 

25 

25 

12 

13 

17 

14 

24 

1 

N 

22 

297 

85 

184 

162 

18 

175 

21 

9 

215 

207 

N 

28 

174 

78 

227 

178 

247 
157 

256 

85 

826 
886 



255 

291 

802 

12 

116 

N 

94 

116 

118 

120 

164 

168 

8 

25 

283 

40 

156 

82 

888 

27 

840 

257 

842 

228 

N8 

96 

169 

146 

171 

165 

290 

175 

197 

202 

336 

191 

8 

27 

164 

172 

191 

199 

264 

198 

208 

195 

171 

185 

8 

28 

146 

186 

261 

128 

282 

164 

171 

188 

216 

176 

8 

99 

191 

330 

270 

18 

303 

337 

858 

801 

18 

112 

N8 

30 

146 

71 

331 

170 

240 

186 

182 

206 

0 

177 

8 

81 

178 

1 

1 

246 

297 

157 

272 

332 

187 

841 

819 

159 

K8 

56 

Table  6— Oontinned. 

NOVEMBER,  1887  O,). 


20 
21 
22 
23 
24 
25 
26 

27 
28 
29 
80 


I 
A  I 


1 
2 
3 

4 

5' 
6 

7  I 
81 
9 
10, 

12  ! 

13 

14 

15 

16 

17 

18 

10 


a 

5 


197 

71 

lOS 

S46 

«62 

293 

344 

2S7 

224 

241 

33« 

88 

349 

3:i9 

16 

341 

30 

334 

262 

129 
166 
146 
140 

79 

99  ; 

5  t 

I 


o 
H 


J3 
O 

0 


o 


7 
2  • 

65 ; 

345  I 


246  J  311 

346  '  342 

268  356 
24  351 

1  3 

356  3 

5  353 

189  j  2 

264  '  359 

198  •  111 

10  '  15 

329  21  : 
9  ■  22  I 

353  I  10 

330  ;  60  I 

347  I  74  . 
327  1S9 

269  !  192 

286    

I 

199' 

146    

177  ;  196 

166  '  190 

198  186 

284  190 

274  '  216 


350 
339 
186 


11 

10 
207  ' 
192  I 


P4 


128 

333 

60 

270 

354 

0 

45 
2 

37 
184 
182 
20S 
358 
356 
7 

22  I 

846  ! 
02 

260 
212  I 
194  • 
196  : 

18H 

187 

0 


16 
14 

268 
348 


04 


97 


55l 

57 

48 

66 

32 

33 

76 
176 

40 
118 


22 

22 

6 

358 

27 


«• 
a 
a 
o 


348 

356 

31 

16 

2 

14 

349 

357 


228 
206 
200 
198 
204 
216 
290 


218 

82 
17 
10 
5 
24 
27 
25 
46 

180 


109 
280 
186 
192 
242 


227 

6 

82 

106 

56 

30 

38 

20 

320 

194 

202 

63 

9 

12 

13 

22 

14 

90 

62 


:§       i 


281 

6 

26 

128 
39 
16 
21 
26 
19 
82 

126 

116 
13 
14 
16 
15 
13 

211 
41 


I 

td 


358 

1 

359  • 

21 

352 

4 

354 

18 

0 

268 

192 

09 

6 

0 

6 

364 

356 

93 

323 


348 

340 

286 

302 


14 

17 

216 

8 


& 

** 

i 


325 
353 

2 

7 
846 
357 
355 

1 

17 
186 
204 
126 
354 
351 
34 
345 

5 

148 

273 


NS 

N 

N 

K 
N 
N 
N 

N 

N 
S 
8 

X 

N 

N 

N 

N 

N 

N 

N 


199 

191 

170 

186 

S 

226 

206 

186 

172 

8 

220 

201 

177 

174 

8 

212 

106 

180 

186 

8 

196 

197 

182 

177 

8 

186 

188 

186 

200 

8 

180 

196 

180 

182 

8 

2( 

9 

191 

347 

N 

25 

15 

164  , 

1 

N 

224 

208 

169  ! 

42 

8 

320 

213 

176 

167 

8 

DECEMBER,  1887  (Si). 


1 

62 

0 

287 

3 

167 

278 

1 
358  ■ 

270 

0 

5' 

49 

N 

2 

23 

345 

9  ! 

8 

74 

286 

12  ■ 

90 

13 

359  ; 

334 

N 

3 

354 

344 

18  1 

16 

06 

334 

25 

21 

1 

359 

13 

N 

4 

352 

352 

19 

16 

38 

336 

22 

30 

10 

357 

4 

N 

5 

344 

352 

20 

18 

58 

345 

33 

28 

15 

0 

3 

K 

6 

8 

98 

94 

108 

51 

346 

168 

302 

3 

357 

7 

N 

7 

19 

351 

200 

178 

'       176 

278 

194 

90 

0 

336 

284 

N 

8 

354 

335 

12 

25 

115  1 

302 

49 

39 

11 

9 

351 

N 

9 

351 

353 

354 

47 

74 

306 

21 

40 

12 

21 

8 

N 

10 

357 

357 

30 

20 

35  1 

348 

"  1 

40 

!       10 

2 

4 

N 

11 

353 

356 

*B 

24 

27 

3 

26  ' 

42 

11 

355 

344 

N 

12 

310 

353 

17 

11 

U 

1 

16 

30 

10 

0 

357 

N 

13 

20 

169 

340 

176 

128 

241 

265 

357 

354 

N 

14 

260 

325 

10 

12 

165 

41 

179 

186 

166 

MS 

15 

300 

359 

18 

33 

358 

332 

1 

1 
1 

36 

11 

359 

7 

N 

16 

189 

169  < 

128  ' 

177 

188 

186 

1H8 

172 

120 

220 

8 

17 

186 

159 

198 

203 

208 

202 

219 

148 

190 

187 

8 

18 

186 

182 

356 

283 

5 

200 

50 

178 

167 

166 

S 

19 

121 

186 

205 

204 

232 

215 

214 

138 

98 

189 

8 

20 

176 

139 

80 

174 

206 

278 

242 

230 

186 

184 

186 

8 

21 

169 

177 

204 

218 

212 

251 

210 

203 

166 

186 

172 

8 

22 

188 

174 

196 

193 

194 

101 

196 

18S 

170 

176 

179 

8 

23 

176 

"   274  ' 

3:)0 
317 

191 

359 

212 

27 

15 

12  ; 

262  1 

1 

359 

204 

176 

166 

329 

131 

182 
150 

8 

24 

21 

61 

1 

N 

25 

169 

30G 

29 

2>) 

6 

26 

3« 

3U 

0 

355 

N 

26 

124  : 

116 

20K 

201 

75 

174 

185 

256 

158 

188 

179 

8 

27 

111 

256 

205 

218 

5 

127 

206 

270 

150  I 

206 

241 

8 

28 

16 

206 

205 

286 

5 

110 

26 

130 

ISH  , 

25 

200 

N8 

29 

345  ; 

88 

214 

240 

18 

116 

24 

90 

209  ■ 

20 

266 

N8 

30 

317 

110 

218 

197 

356 

118 

145 

1 

169 

303 

15 

8 

31 

1 

322  . 

118 

•  •■•••«•! 

152 

346 

69 

70 

1 

73 

337 

29 

1 

356 

N 

57 

While  there  is  some  irregularity  in  certain  months,  especially  May 
and  June,  where  the  impressed  magnetic  forces  always  act  with  minimum 
power  in  the  Northern  Hemisphere — that  is,  in  tbe  summer— the  periodic 
grouping  of  the  K  and  S  values  of  fti  is  a  pronounced  phenomenon. 
Furthermore,  it  persists  certainly  through  the  twelve  years  1878-1889 
with  the  same  decisiveness  as  is  displayed  in  1887.  It  will  be  observed 
that  the  length  of  the  groups  change  from  K  (short)  S  (long),  to  S  (short) 
N  (long)  in  the  course  of  the  year.  This  is  the  first  symptom  of  the  phe- 
nomenon of  inversion,  one  whose  explanation  has  cost  much  labor,  as 
it  lies  at  tbe  very  foundation  of  this  complex  subject.  The  superiority 
of  this  process  in  determining  the  magnetic  periodicity  over  the  Gaus- 
sian least-square  method  is  obvious,  because  it  locates  definitely  the 
date  of  the  beginning  of  tbe  period,  and  thus  gives  an  epoch  from  which 
to  make  a  long  run  by  an  ephemeris.  Tbe  beginning  of  tbe  period  is 
also  independent  of  inversion,  and  this  is  tbe  condition  in  which  the 
Gaussian  method  fails.  It  is  now  plain,  by  referring  to  the  normal 
curve  (chart  9),  that  the  peculiar  break  at  the  eighth  day  coincides  with 
the  deepest  depression  in  the  ciu've,  and  that  inversion  will  cbange  Ihe 
order  NS  to  SN.  A  complete  study  of  tbese  tables,  extending  from 
1878  to  1889,  inclusive,  shows  tbat  the  period  of  26.70  days  can  be  usually 
subdivided  into  four  portions,  tbe  divisions  coming  at  tbe  first,  the 
eighth,  the  fifteenth,  and  tlie  twenty-first  days,  respectively.  Hence, 
four  parallel  groups  of  dates  can  be  simultaneously  determined.  The 
columns  NS  were  collected  for  the  twelve  years,  1878-1889,  and  tbe 
divisions  between  N  and  S  marked  as  they  occur.  The  apparent  irreg- 
ularities are  merely  tbe  effects  of  the  forces  in  their  effort  to  establish 
the  minor  typical  subdivisions.  The  common  type  is,  however,  a  long 
central  portion,  with  short  portions,  one  at  either  end,  corresponding  to 
the  depressions  at  the  sides  of  the  normal  curve  below  the  mean  value 
of  the  vector  system. 

APPROXIMATE  VALUES  OF  THE  28.68  DAY  PERIOD— A  TRIAL  EPHEMERIS. 

The  approximate  value  of  the  period  was  computed  as  follows: 
Taking  the  first  date  of  the  period,  as  found  by  tbe  process  described, 
reduce  to  a  June  epoch  by  adding  26.70  x  n  days  to  tbe  given  date. 
These  June  values  are  shown  for  1878, 1886, 1887,  and  they  indicate  the 
accuracy  with  which  the  period  tends  to  recur  on  individual  dates  as 
marked  by  the  azimuth  reversals.  Counting  out  tbe  number  of  revolu- 
tions between  tbe  epochs  found  for  these  years,  with  the  approximate 
period  26.70,  these  separate  determinations  are : 

June  16.6, 1878— June  4.0, 1886,  26.692  days,  synodic  period; 
June  16.5, 1878— June  12.2,  1887,  26.683  days,  synodic  period; 
June   4.0,  1886 — June  12.2, 1887,  26,657  days,  synodic  period; 

from  which  26.68  is  taken  as  the  adopted  period,  witb  tbe  epoch  June 
12.22,  1887.    From  this  was  constructed  the  trial  ephemeris,  whose 
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Janaary  dates  for  twelve  years  are  given  in  Table  7.    The  equation  of 
condition  is  formed  as  described  in  the  table. 

aB  +  X  =  D  —  (E  +  n  26.68)  residual. 

Table  7. — Method  of  deducing  the  trial  period  and  ^hemerie. 


1878. 

1886. 

1887. 

Jan.     7  +  26. 7  X6  r-  + 160. 2       Juno  16. 7 

Jan.   19 

June  1. 5 

Jan.     5       Jnne  14. 2 

Feb.     3             X5         133.5                 16.5 

Feb.  16 

2.8 

Jan.   31                 13.5 

Mar.     1             X4          106.8                 15  8 

Mar.  16 

4.1 

Feb.  25                  11.8 

Mar.  28             X8           80.1                 16.1 

Apr.  12 
May    9 

4.4 

Mar.  25                  13.1 

Apr.  25             X2           53.4                 17.4 
May  23             Xl           26.7                 18.7 

4.7 

Apr.  20                 12.4 

June    5 

5.0 

May  18                 13.7 

Jane  14               0            0.0                14.0 

July    3 

6.3 

June  13                13.0 

July  12  —  26.7X1  —  —  26.7                15.3 

July  27 

3.6 

July    7                 10.8 

Ang.  13             X2           53.4                 20.6 

Aug.  23 

8.9 

Aug.    2                   9.6 

Sept.    6             X3            80.1                 17.0 

Sept.  18 

3.2 

Aug.  29                   9. 9 
Sept.  26                 11. 2 
Oct    24                 12.6 

Oct.      1              X4          106.8                 16.2 

Oct    15 

3.5 

Oct.   25              X5          133.5                 13.5 

Nov.  12 

4.8 

Nov.  23              X6          160.2                 15.8 

Dec.     8 

4.1 

Nov.  20                 12.8 

Dec.  21             X7         186.9                17.1 

Dec.   16                 12.1 

June  16. 5 

June  4. 0 

June  12. 2 

Revolu-    TV.  wo     Synodic 
tions.       ^y*-     period. 

1878  June  16. 5  to  1886  Jane  4.0 

109      2. 909. 5       26. 692 

1878  Jane  16.5  to  1887  June  12.2 

123      3,282.7       26.68:1 
14         373.2       26.657 

1886  June  4. 0  to  1887  June  12. 2 

Adopted  period,  26.68 ;  epoch,  1887  June  12.22. 

EPHEMERIS.                                  E  —  adopted  epoch ;  A  E  ite  correction. 

26. 68 1=  adopted  period ;  x  its  correction. 
1878— Jan.  8.50  '  1884— Jan.  5.26                 D  ==  observetf  date  derived  as  above. 

1879— Jan.  17. 02  '  1885— .Tan.  12. 78                   n  =  number  of  revolutions  fh>m  epoch. 

1880— Jau.  25. 54  i  188O-Jau.21.30 

1881— Jan.   6.38     1887— Jan.   3.14                  B  +  AE  + 

n  (26,68  4  ar)  =  D 

1882    Jan.  14. 90  '  188a-Jan.ll.66 

A E  +  n«=D— (E  Hn  36.68) 
Residoals. 

1883— J  an.  23. 42     1889-Jan.  19. 18 

POUB  PARALLEL    SYSTBMS    OF   DATES;    EQUATIONS    OF  CONDITIONS; 

NOBMAL  EQUATIONS  AND  SOLUTION. 

In  the  next  Table  8,  under  the  head  <^  Observation  dates/'  are  collected 
the  four  parallel  systems  of  dates,  all  reduced  to  June,  which  were 
derived  from  the  systems  of  N8  reversals  in  azimuth  of  the  angle  /3i. 
In  each  year  only  such  individual  dates  were  admitted  to  this  compu- 
tation as  showed  a  clearly  marked,  abrupt  transition.  Thus  in  1887  two 
or  three  dates  were  omitted  in  the  summer,  which  changed  the  mean 
epoch  from  June  12.22to  June  12.87.  The  mean  interval  elapsed  between 
the  successive  sets  I,  II,  III,  IV  is  7.60,  9.29,  5.17  days,  respectively, 
and  those  values  are  employed  in  taking  out  the  corresponding  dates 
from  the  provisional  ephemeris  E  +  w  x  26.68.  The  residuals  areD  — 
(E  +  n  X  26.68)  and  are  arranged  in  four  parallel  columns.  The  equa- 
tions of  condition  are  J  E  +nx  =  D  —  (E  +  n  26.68).  Each  solution  I, 
II,  III,  IV  is  conducted  separately,  and  the  four  values  in  the  solu- 
tions for  J  E  and  x  are  given. 
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The  mean  correction  for  the  epoch  June  12.22, 1887,  is  +0.03375,  and 
the  mean  correction  to  the  period  26.68  days  is  —0.00072.  The  result- 
ing period  is — 

26.67928*  =26  d  16^  18™    9.8  •  synodic. 
24.86319^=24*  20 »^  42 »«  59.6»  siderial. 

The  mean  daily  siderial  motion  is  868.7^ 

Further  experience  with  the  normal  curve  has  indaced  me  to  change 
the  epoch  June  12.22  by  +0.93,  also  +0.57  (arbitrary).  This  latter  cor- 
rection does  two  things:  It  throws  the  epoch  squarely  upon  one  of  the 
rectangular  axes  of  the  normal  curve,  to  be  described  hereafter,  and  it 
matches  better  with  the  American  weather  system,  counting  the 
Dakota  region  as  one  day  elapsed.  Being  a  practical  adjustment  of 
the  epoch  only,  and  not  affecting  the  period,  it  has  its  justification  in 
experience.  My  final  ephemeris  has  the  epoch  June  13.72, 1887,  and 
the  period  26.67928  days.    (See  Bulletin  No.  20.) 

The  periodic  action  of  azimuth  reversal  within  the  terrestrial  mag- 
netic field  is  therefore  tlie  exclusive  basis  of  the  adopted  period.  The 
inference  that  it  is  the  effect  of  the  direct  continuous  magnetic  action 
of  the  sun  is  so  obvious  as  to  go  without  saying,  (1)  because  no  other 
known  agency  is  capable  of  producing  such  a  persistent  periodicity, 
and  (2)  because  the  period  itself  is  in  agreement  with  the  known 
approximate  period  of  revolution  of  the  sun  at  the  equator,  as  deter- 
mined by  observations  on  the  sun  spots.    Thus  we  have,'  as  in  Table  1 : 

SideriiiL 

Carrington's  motion  at  the  sun's  eqnator 867. 0 

Spoerer's  motion  at  the  sun's  eqnator 881. 5 

Faye's  motion  at  tho  sun's  equator 863. 0 

TisseranrVs  motion  at  the  sun's  equator 858. 0 

Mean  motion  at  the  sun's  equator 867. 4 

The  arithmetical  mean  of  these  four  results  is  867.4  ^  and  happens  to 
agree  with  my  determination  within  1.3'  arc,  sufficiently  close  to  afford 
strong  presumptive  evidence  that  the  rotation  of  a  solar  nucleus  is  at 
the  basis  of  the  two  types  of  phenomena,  one  on  the  san  and  one  on 
the  earth. 


Chapter  3. 


ANALYSIS  OF  THB  POLAR  MAGNETIC  FIELD  ALONG  THE 

TERRESTRIAL  MERIDIANS. 

EXAMPLE  OP  THB  COMPUTATION  FOR  FORT  RAE. 

Having  shown  the  method  of  discassing  the  observations,  and  the 
fact  that  these  disclose  a  periodicity  in  the  variations  of  tlie  actual 
field  on  the  normal,  as  measured  by  the  impressed  vectors,  we  proceed 
to  elaborate  this  vector  system,  especially  in  north  and  south  lines. 
The  average  angle  that  the  vectors  make  with  the  horizontal  plane  in 
Europe  is  about  40  degrees,  and  they  act  nearly  along  the  magnetic 
meridians.  Hence  the  variations  of  the  horizontal  component  becomes 
the  simplest  index  of  the  state  of  the  impressed  field  at  any  station,  and 
would  be  a  complete  indication  of  the  same  if  the  vertical  angle  was 
always  constant.  There  is,  however,  much  irregular  disturbance  in 
the  lines  of  the  earth's  field,  and  it  is  necessary  to  resort  to  averages 
at  each  station  to  determine  the  vectors  of  the  mean  defiecting  system. 

It  was  found  that  the  magnetic  observations,  complete  in  the  three 
elements  for  a  year,  were  available  at  twenty-six  stations,  whose 
names  and  magnetic  latitude  are  given  in  Table  10,  as  well  as  the 
year  from  which  the  observational  data  was  extracted.  As  Kingua 
Fjord  has  some  gaps  in  the  vertical  force.  Fort  Eae  is  selected  as  the 
station  for  a  specimen  of  the  work,  which  is  found  in  Table  9. 

Table  9. — Deflecting  forces  separated  into  southward  and  northward  groups, 

station :  Port  Bae.    (4"»  43"  W. ;  +82°  39'  N.) 
[p  =  magnetio  azlmatb .    a  =:  vertiGal  angle.    $  ~-  total,    o-  —  horizontal  (5th) .] 
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Table  9, -^DefiecUng  forces  separated  into  southward  and  northward  groups — ContiniiecL 

SUtion :  Fort  Bae.    (4^  43-  W. ;  ^iS2P  39'  K.) 
[0 = magnetic  azimuth .    a  —  vertical  angle,    s  —  total.    <r  =  horizontal  (5th) .] 


Period. 


1882. 

Sept  12 

Oct.8 

Nov.4 

Dec.l 

Dec.  27 

1883. 

Jan.  23 , 

Feb.  19 

Mar.n 

Apr.l3 

May  10 

Jane  5 

July  2 

July  29 

Annual  mean . 


Southward. 


Northward. 
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191 
188 
204 
178 
166 


208 
191 
177 
1«1 
196 
808 
808 
818 


+  6 
-46 

-1-21 
—  6 
+  28 

+  47 


+  14 
+  80 
-  2 
-11 
+  9 
+  6 
+  11 
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66 
66 
81 

88 
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68 
46 
40 
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87 
89 
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366 
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353 
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44 
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86 

7 

86 

18 

86 

354 

a 

« 

—  9 

17 

—  « 

43 

—23 

68 

—25 

63 

—32 

43 

+28 

58 

+23 

34 

+39 

43 

—27 

38 

—16 

23 

—31 

29 

-21 

31 

—  7 

31 

IS 
22 
48 

34 
17 


27 
25 
21 
10 
17 
23 
19 
13 


190 


+  8 


46 


80 


-  8 


39 


22 


The  year  is  broken  up  into  periods  of  26.68  days,  in  accordance  with 
the  Ephemeris,  and  the  <t  s  a  /3  computed  for  each  date.  These  are  sep- 
arated into  two  groups,  the  southward  (heavy  type)  and  the  northward 
(light  tyx>e),  as  indicated  by  the  angles  /5y  and  the  means  for  each  group 
in  every  period  are  taken.  These  means  are  then  collected  respectively 
under  the  southward  and  northward  headings  and  the  means  taken 
again.  This  latter  set  of  values  gives  the  average  vector  for  the  year 
at  Fort  Eae,  as  it  points  respectively  toward  the  south  or  toward  the 
north.  In  a  few  cases  the  excessive  disturbances  are  omitted  from  the 
sums  that  afford  the  mean  values  in  the  individual  periods.  The  chief 
difficulty  in  discussing  the  angle  a  arises  from  the  fact  that  oftentimes 
the  small  or  insignificant  values  in  the  variations  dx,  dy,  dz  produce 
very  large  values  of  a^  especially  if  the  denominator  happens  to  be  a 
little  number.  But  in  fact  the  values  of  a  should  properly  be  derived 
from  only  the  strong  values  of  these  coordinates.  These  large  values 
of  a  may  ofiset  many  correct  values,  if  the  true  angle  a  happens  to  be 
small,  since  the  plus  and  minus  signs  must  be  observed  throughout^ 
It  is  concluded  that  the  average  sign  of  a  indicates  the  fiict  of  entry  or 
emergence  of  the  vector,  while  the  true  vjvlues  of  the  angle  can  be  better 
obtained  from  cr^ «,  as  has  been  already  done  for  the  European  stations. 

In  the  case  of  Fort  Rae,  1882-83,  the  southern  vector,  /?=190o, 
enters  the  earth  at  the  angle  (cos  a=f  ?),  a=49o  18',  and  the  northward 
emerges,  /?=5o,  at  the  angle  (cos  ^^=11),  a=55^  40'.  We  must  con- 
ceive that  the  earth's  magnetic  field  is,  while  under  the  influence  of 
impressed  impulses,  compelled  to  adjust  itself,  so  far  as  these  vectors 
go,  along  a  definite  path,  at  the  given  station.  The  normal  field  may 
be  subject  to  other  vectors  derived  from  other  sources;  these  vectors 
may  be  of  very  short  or  very  long  duration,  for  it  is  evident  that  the 
normal  field  suffers  incessant  variations,  which  may  be  analyzed  in  the 
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way  thas  eKplaiiied.  Such  a  study  ought  some  time  to  be  carefully 
made  for  the  several  stations,  and  thus  render  very  accurate  the  results 
which  are  derived  approximately  in  this  paper. 

Tablb  10. — Mean  defleding  vectors  at  twenty-aix  atatione. 
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Kingna  Fjord . . . 
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Point  Barrow  . . . 
Cap  Tbordaon... 

Jan  Mayen 

Boftsokop 

Toronto 

Sodankyia 

Washington 

Pawlowsk 

Greenwich 

Pare  St.  Maur. . . 
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TlfliB 
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Sdd  G^orgicn  . . . 

Cape  Horn 
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lati- 
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Year. 


77.9 

76.0 

73.1 

71.1 
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64.4 

62.2 

61.4 

66.6 

55.1 

50.4 

47.3 

44.8 

41.7 

40.3 

36.1 

27.6 
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3.8 

-  6.4 

-11.2 

1—15. 1 

—29.8 

1-33.5 
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1882 
1882 
1882 
1882 
1882 
1882 
1847 
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1884 
1882 
1892 
1883 
18B2 
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1863 
1855 
1845 
1843 
1890 
1882 
1882 
1842 
1842 


Mean  valnea. 


Soath. 


^ 


161 
190 
180 
180 
180 
188 
170 
184 
179 
106 
175 
177 
178 
183 
181 
182 
187 
182 
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182 
178 
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176 
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176 


+  5 
+  8 

—  6 
—14 

hlO 
+  14 
—28 
4-  5 
+19 

flO 

—  6 
+  2 
+  5 
+  14 
+10 

+  « 

—  4 
+  4 
+  2 

—  2 
—10 

182  +13 


f2« 

+  16 
+22 


45  27 

46  I  30 
59  I  29 
62  I  28 

51  1  29 
43  29 
32  18 

16  I  15 

18  '  7 

12  ,  10 

13  I  9 

12  9 

19  I  15 
23  16 
22  12 

15  12 
42  ;  32 
36  20 

13  11 

14  '  11 

17  ,  9 

16  8 

52  20 


Nortii. 


15 
19 


13 
11 


26  ;  15 
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337 

I   5 

i  t 

356 

14 

.  357 

15 

I  359 

357 

I   1 

!  1 

0 

13 

351 

8 

849 
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319 

I 

8 

G 
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—  6 

—  8 
+  5 


—  6 
f27 

—  2 
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+  1 

—  4 

—  1 

—  6 

—  8 

—  7 
+  5 

—  5 

—  1 

—  8 
_.  2 
-12 
-17 

+  4 

—  3 

—27 


37 
39 
55 


+  8  50 
—  9  !  44 


33 
25 
14 
20 
10 
13 
11 
20 
17 
23 
13 
33 
33 
12 
12 
17 
16 
47 
13 
16 
22 


23 
22 
29 
23 
22 
10 
11 
12 
8 


8 
16 
11 
10 
11 
23 
16 
10 
10 
8 
9 
15 
10 
11 
18 


Adjusted  ralnee. 


Soath. 


45  ; 

53  I 

60 

59 

55 

42 

34 

31 

20 


8  18 
0  14 


13 
14 
16 
17 
23 
38 
31 
19 
15 
16 
22 
36 
25 
20 
26 


28 
29 
30 
30 
27 
23 
18 
15 
12 


11 


12 
14 


54 

55 
58 
69 
60 
58 
55 
54 
48 


10  ,  47 

9  I  43 

10  41 


40 


12  38 

13  37 

19  1  37 
27  I  43 

20  !  53 

14  I  36 

11  I  39 
10  I  57 

12  58 
19  '  47 

13  44 


North. 


43 
52 


38 
43 
52 
52 
49 
33 
20 
24 
14 
13 
10 
10 
11 
12 
'  13 
17 
32 
25 
15 
11 
12 
15 
31 
19 
15 
22 


23 

24 

24 

28 

22 

17 

13 

11 

8 

8 

7 

8 

9 

9 

10 

16 

23 

15 

11 

8 

7 

8 

16 

10 

9 

12 


54 
55 
58 
59 
60 
58 
55 
54 
48 
47 
48 
41 
40 
38 
37 
37 
43 
53 
36 
39 
57 
58 
47 
44 
43 
52 


EXTENSION  OP  THE  COMPUTATION  TO   TWENTY-SIX  STATIONS. 

In  Table  10  are  collected  similar  "  mean  values  "  for  twenty-six  sta- 
tions in  different  magnetic  latitudes.  The  angle  /5  shows  that  the 
vectors  cling  closely  to  the  magnetic  meridians;  the  angle  a  indicates 
that  the  southward  vectors  tend  to  enter  and  the  northward  to  emerge 
in  the  northern  hemisphere;  the  southward  angles  are  more  firmly 
developed^  the  vectors  (X  and  8  being  almost  always  stronger  to  the 
south  than  to  the  north,  which  amounts  to  saying  that  the  heavier 
disturbances  are  dire(;ted  southward,  and  that  the  positive  source  of 
the  external  field  is  to  the  north  of  the  plane  of  the  ecliptic.  In  order 
to  obtain  the  ^^  adjusted  values,"  the  mean  values  of  (TjSya  were  plotted 
as  ordinates  along  a  line  of  abscissas  extending  from  0^  to  180^  polar 
distance,  and  an  average  curve  drawn  through  them.  It  was  not 
thought  worth  while,  in  the  preliminary  stages  of  the  research,  to 
attempt  a  more  refined  discussion. 

DISCUSSION  OF  THE  BESULTS. 

To  show  the  relations  of  these  adjusted  values  to  a  mean  magnetic 
meridian,  they  are  distributed  on  Ohart  10  along  a  circle  at  the  angles  a 
and  lengths  «,  the  foot  of  each  vector  standing  on  the  station  as  located 
by  its  miiguetic  latitude.    The  curved  bounding  line  shows  the  average 
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strength  of  the  impressed  vectors.    The  system  has  two  maxima  in 
each  hemisphere — one  over  the  auroral  belt  and  the  other  over  the  trop- 


Chaut  10.— Vectors  of  the  polar  magnetio  field  derived  from  observations. 

[m=2.0.  H=0.00035.I 

ics;  it  has  three  minima — one  over  the  poles,  a  deeper  one  over  the  mid- 
'atitudes,  and  a  third,  with  very  small  values,  at  the  equator.     The 
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sweep  away  from  tbe  poles  suggests  the  explaDation  of  the  aurora^  as 
a  concentration  of  the  impressed  external  magnetic  force  in  tbe  isocha- 
men  ovals,  which  also  falls  off  in  the  midlatitude  zones.  The  aspect  of 
this  vector  system  suggests  also  the  theory  of  the  entire  phenomenon, 
namely,  that  the  earth's  shell  is  to  some  extent  permeable,  and  is 
planged  in  an  external  magnetic  field  whose  lines  of  force  are  distorted 
from  being  parallel  at  a  distance  from  the  earth  into  the  carves  imposed 
by  sach  a  well-known  magnetic  system. 

FORMUL^^  FOB  THE  MAGNETIC  SYSTEMS. 

A  set  of  formulae  are  here  collected  together  on  Table  11  to  cover  the 
several  cases  arising  in  these  problems,  whose  consequences  can  readily 
be  followed  out.  Formulae  (1)  for  a  uniformly  magnetized  sphere;  (2) 
for  a  uniformly  magnetized  sphere  in  a  uniform  field,  each  referred  to 
the  axis  x;  (3)  the  inflected  and  exflected  systems  arising  according 
to  the  type  of  permeability.  When  the  axis  of  the  sphere  is  not  parallel 
to  the  lines  of  the  external  field,  this  can  be  resolved  parallel  and  per- 
pendicular to  the  axis  of  the  magnetization  and  be  brought  under  these 
formulae. 

10305— No.  21 5 
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CHART  OF  COMBINED  BXPLECTBD  AND  INFLECTED  SYSTEMS. 

A  rough  mean  integration  of  the  length  of  the  vectors  s  shows  that 
the  external  uniform  field  averages,  H  =  0.00035  C.  G.  S.;  trial  compu- 
tations bring  the  permeability  to  about  2;  B  can  be  taken  as  unity  for 
a  type  figure;  successive  values  may  be  assigned  to  the  lines  of  force 

0.50y2  -|§ 

N,  from  the  formula  ^r*  =  i 


y— 35 


-y*, 


the  coordinate  values  of  several  lines  may  be  computed.  By  this 
process  we  draw  chart  11,  and  it  is  only  necessary  to  compare  it  with 
chart  8  to  be  assured  that  we  have  the  same  fundamental  phenomenon. 
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It  indicates  that  the  nucleus  of  the  earth  is  impenetrable  to  the 
lines  of  this  magnetic  field,  and  that  hence  they  are  exfiected  as  by  an 
obstacle,  and  pass  around  it;  but  the  shell,  having  a  thickness  of  about 
800  miles,  is  slightly  permeable,  and  collects  the  external  lines  within 
itself,  as  the  easiest  path  for  the  transference  of  external  energy.  At 
the  surface,  for  both  branches  of  the  system  where  the  two  media 
meet,  the  law  of  magnetic  refraction  ax)plies. 

//2  tan  6i  =  jui  tan  6i. 
Hi  cos  ^1  =  2  H2  cos  ^2,  normal  component. 
Hi  sin  01  =  H2  sin  6^2?  tangential  component. 

The  tangential  components  in  each  media  are  equal,  while  the  normal 
change  in  the  ratio  of  permeability.  It  is  not  possible  to  draw  these 
vector  lines  perfectly,  that  is,  to  obtain  the  value  of  pi  exactly,  unless 
the  internal  paths  of  the  system  are  known,  but  the  approximation  is 
so  close  as  to  give  confidence  in  the  main  proposition. 

Whenever  the  strength  of  the  external  field  changes  for  any  cause, 
the  impressed  vector  at  a  given  station  varies  proportionally  along  the 
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paths  thus  laid  down ;  if  it  oscillates  back  and  forth  irregularly,  it  will 
produce  such  an  effect  as  is  recorded  on  the  traces  of  magnetic  obser- 
vations; if  it  oscillates  back  and  forth  periodically,  a  wave  motion  is 


Crabt  11. — Magnetio  lines  throngh  a  permeable  shell. 

set  up  in  what  would  otherwise  be  a  steady  field;  if  the  great  impulses 
come  from  the  north  to  south,  then  the  source  of  energy  must  be  to  the 
north  and  the  sink  to  the  south  of  the  ecliptic.     Such  oscillations. 
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aperiodic  or  periodic,  are  accompaiiied  by  transient  induced  electric 
currents,  and  the  transfer  of  energy  may  be  called  a  radiation;  half  of 
this  energy  is  turned  into  heat  and  the  other  half  into  the  setting  up 
the  new  magnetic  field  by  means  of  these  transient  magnetic  and  elec- 
tric currents.  Such  energy  may  be  one  source  of  atmospheric  electric- 
ity and  also  of  the  earth  electric  currents,  esi^ecially  during  excessive 
oscillations.' 

The  attendant  electric  phenomena  in  the  earth's  atmosphere  and 
crust  I  have  had  little  time  to  investigate;  and  indeed  it  is  very  hard 
to  discuss  tliem  satisfactorily,  because  of  the  difficulty  of  securing  the 
observations  in  vector  form.  Also  concerning  induced  magnetic  cur- 
rents derived  from  the  motions  of  the  earth  or  the  air  currents,  no 
special  studies  have  been  made,  though  the  subject  should  be  worked 
up  if  it  is  possible  to  do  so  definitively. 

DISTUBBINa  VECTORS  DURING  GREAT  DISTURBANCES. 

Having  given  examples  of  the  vectors  of  the  polar  field  taken,  (1) 
for  intervals  of  twenty-four  hours,  and  (2)  by  the  year,  it  is  proper  to 
also  show  their  behavior  at  the  same  instant  of  time  for  widely  separated 
stations.  This  discussion  will  be  based  upon  the  instantaneous 
impulses  without  the  summation  involved  in  the  diurnal,  the  26.68-day 
intervals,  and  the  annual  periods.  For  this  purpose  the  three  disturb- 
ances of  January  4,  January  28,  and  February  13,  1892,  have  been 
computed  by  the  methods  employed  above.  The  directors  of  the  observ- 
atories at  San  Antonio,  Toronto,  Washington,  Greenwich,  Paris,  Pots- 
dam, Vienna,  Pawlowsk,  Zi-ka-wei,  and  Melbourne  had  the  courtesy 
to  place  at  the  service  of  the  Weather  Bureau  the  traces  of  their  mag- 
netic elements  and  the  reduction  constants  for  the  required  dates,  and 
this  cooperation  is  hereby  acknowledged  with  thanks. 

On  making  a  comparative  study  of  the  material  it  was  found  that 
many  differing  forms  of  arrangement  of  the  apparatus  are  employed  in 
the  observatories,  so  that  the  reduction  of  the  data  was  very  laborious, 
because  of  the  care  required  in  passing  from  station  to  station. 

DIFFERENT  SYSTEMS  OF  INSTRUMENTAL  RECORDS. 
Table  13. — Arrangement  of  the  photographic  traoe». 

Trace.  Change. 


SUtion. 


San  Antonio  . . 

Toronto 

Waabinston  ., 
Greenwich . . . , 

Paris 

Potsdam , 

Vienna 

Powlowsk. — 

Zi-ka-wei 

Melbourne  . . . . 


h 

e.ew. 

6.3W. 

5.1  W. 

0.0 

0.2E. 

0.9£. 

LIE. 

2.0E. 

8.  IE. 

9.7E. 


-f29.4 
+43.7 
+38.9 
+51.5 
+48.8 
+52.9 
+48.2 
+59.7 
+31.2 
—87.8 


em. 
37 
44 
37 
83 
24 
49 
87 
36 
37 
36 


10  a.m. 

noon. 

noon. 

noon. 

mid. 

noon. 

noon. 

mid. 

6  p.  m. 

10  a.m. 


Baae  line— Trace— Ordinates. 
H.  D.  V. 


Below— down. 
A  bore— down. 
Above— up. 
Above— down. 
Below— down. 
Above — up. 
Above— up. 
Above— down. 
Below  —up. 
Above — up. 


Above— down. 
Above— up. 
Above— up. 
Below  —down. 
Below  —down. 
Above — up. 
Below  — up. 
Above— up. 
Above— up. 
Above— up. 


Above— down. 
Above— down. 
Below— up. 
Above— down. 
Below  —down. 
Above — up. 
Above— up. 
Above— up. 
Below  —up. 
Below — down. 


Standard  HyHtem 


36 


noon. 


Above— up.        '  Above— up.  Above— up. 


'  Compare  ''The  earth  a  magnetic  sheH.'^    ( Anier.  Journ.  Soi.,  Vol.  L.,  AuguBt,  1896.) 
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Thus,  in  the  Table  13  of  the  arrangement  of  the  photographic  traces, 
in  the  third  space  is  given  the  length  of  the  trace  for  a  24-hour  run  and 
the  time  of  changing  the  sheets.'  When  the  traces  are  laid  down  so 
that  the  base  line  showing  the  time  intervals  increases  from  left  to 
right,  the  trace  is  in  some  cases  above  and  in  i)thers  below  the  base 
line.  The  positive  values  of  the  ordinates  increase  sometimes  up  and 
sometimes  down.  They  are  not  similarly  disposed  for  each  of  the 
H.  D.  V.  elements  at  the  same  station.  The  "  Base  line — ^Trace — Ordi- 
nates" show  these  differences  at  ten  stations.  It  is  suggested  that  the 
^<  standard  system '^  indicated  in  the  lowest  line  will  satisfactorily  take 
the  place  of  the  existing  discordant  systems^  as  a  practical  matter. 


74 


-•I 
H 


> 

M 
00 

O 

M 

H 

M 
P< 

>   s 

Pa 
M 

W 

H 

P4 

O 

00 

» 

B 

Q 
PS 

O 


e 


Pi        . 


®      H 


I  A. 


o 
a 

s 

o 
H 


CO 


n 


'C 


w 


s 


o»  lo  ■«  « iA  CO  o  ■«  o  M  rH  ^  e«  OD  rH  t«  ^  t»  io  eo  ee  ee  ««  oeo 

I  I  I  I  I  I  I  M  I  1-1-+++-!-+++++ 1  I  I  I 

e»»ioiaiAAeooeit*ooe«coaceo)e«<Hio^iHe9«De» 


W 


ddoodefHeoioiA^r-ie>J-WiidiQe9e4fHpdQdoc> 
+++++++++-»-++ 11  1  1  1  1  M      I+++ 

t-t«aoaoaoo<DO«om«De4Hi<OiHiii^'«-«io«D«09t* 

ddddd(-i^dd»^c4ede>«<-«ddddddddddd 

++++++++       II        II 1 ++++++++++ 

e>'^e4e4<H0»f>A'<«^^iA-<#Oknc4aoooao«oe>«t*s^t« 

e^r4<-«<-«dddddddddd<-i<H^i-i*H*Hdddd 

Mill         111111     ++++-^+++     11 

iaM<-iiHi-i<-ieocot*Me9-«iHnco^e»eiCiOO-«ao«Oifi 

'J»-iiH«-J«-5^«H»-ii-if-Jdr4eo^«*«o»-ddddt-Jt^«H.-J 

I  I  I  11  M  II  I  I +++++++    1  I  I  I  I  1 

caaoaoaoQOooao99oooO'«09ioe«c<<DQOci-«coc3<i«ie« 

.++++++++ I  M_l  I  LI  1 +l-_++_H:_t+t 

«oooicicic4C3oe«sot«K3t^eiiomt*Goaot~t>e*t*ioeo 

^ddddddddf-«i-4<-«ddddddddddd 
I  I  I  11  +  1  I  I  I  I  +  +  +  +  +  +  +  +  +  + 
eo<^a»t'-«DAOioooioe>i«DfHouco^M»<H^ao»e9^eo 
t-i«-!dddd-H<-«*H>-4d^e6eQeQcii-<dddddf-«<Hp4 
I  1  1  11  I  I  I  I  1  I+  +  +  +  +  +  +I  I  I  I  I  I  I 
•AC4eMOoe4  9eioe40c4or«ioiotoiociiaooioioio 
«J«-ii-5»-*i-5«-5«Jdt-5picoc«ic4ddddddd»-!«H.-5i-5«-5 

++++++++!  II  II  M  II  M++f+++ 

o»iOfHiAoo«oiOC4«oao^i-teeeeaoiAint«co-«fl»OA 


OOOOOQ 

+      111 


ooi-ir-ii-i^oeoe4<eo<HQoeQM^<D«0io^ 

+  1  i  1  I  I  I   +1 i77 I I+++ 

093oaooo«-4eor«o<DrHAiAC]fl»<Dao-« 


coc«o 

+++++++ 

rl  CD  A  rl  lO  iO  O 


c^i^i^oo>-ir-<^ci<HOrieo^ne««-toooo<H<H*H») 

I  I  I  I  I  I  1 1  I  I  I +++++++ 1  1  I  I  II  ) 

<Hoa»a»oosocioooocD^(DaiAmcOfHoicDaftONOi-i 
<-««-idd<-«<-?ddd>-<e^e4(-iddddddddrHr4iH^ 

+  +^-  +  -^+  +  +1    I    II    I    II    I    I    l+  +  -t+  +  +  + 

o<-H^C9<-^i-400<Hifto^^o^ncDaaaftQOcomHiiHO 


OOQOOPOO 


3pO 

M  I 


T  I  1  1  I  I 


ooooooooooo 
^+  :■  +  +  +  +  +  + 
Noooc«r^Aca^«ocio«Dao^i-4e4c<i^oia<Da»eee«c4 

•4  t-J  d  d  d  d  1-5  «^  «^  ^  d  r-4  w  eo  «  cj  «-i  d  d 
I    I    I    1    I    I    ■ 


■'•-t^Of-iMeomoiHOopoooHi-^iH 

I  I  I     -h+  +++++    1  I  I  I  M 

«c«ococDaocotnrtiAcico«D^x^<-i^«-i'«io«aoao«e«D 
dddddddddrH>-4f-4t4dddddddddddd 

_+++t+  +  +  +  il  .IJ_I  I  !  I  I  +++  +  +++  + 

^ioaftooeQ<Hi-^<«^cieoe>«iAcamromaoc«eQaeotOi-4^ 
ddddddddd•4^je9me«id•-!94e^ic«e^i*Hl-!ddd 

II  I  11 -^++  I  M  I  I  I  I  +++++++  +  1  I 

t«iHaoe>c4fc«ea^t»aftc*aoe<s<Dt>mcO'«^oo«Aaoot~ 


e4ct<H-HCMe4eoncee>io 

I    I    I    II    I    11    f    II 


++++  +  +  +  +  I    I    I    I    I    I 


c«^at«(D«D<HAcoi-iior«e4e4c«ocicoci«D^C4«oioc3 


++f++++ I  I T I 


nrlOrHi-ti-t^lClWWi-li-i^ 
I +++++++++++ 


oeocifHiHcicicoc3iHiOQOfHiAC'iiHeoc'i*He>)nmeoe<io 


OOOOOOOSOOOOi 

++++++++ 1  I  I 


lOOOOOOOOOOOO 

I  I +++++++++ 


•oeoi-)i-4ccc<MOt>eec««eioooe9-HiAo«0oeo0t«xto 

'di 


OOOOOOOGi-^iH 

I     I     I     I     I     I     II     I     1     I 
0>H(O^COeDC4iAC3«DN' 

d  d  d  d  d  d  iH  rH  i-i  d 

I ++++++++ 


+ 
Iff* 

le4 


++++++ 


90pp 

I  1  11 


o 

I 


»-«««rH^e-N©FHOOO 


T>^e4C4i-ip 
I  1  I  11 


OOOOGOGOO 

++++    I 


OOOOGOOOOO 

++++++  ++i 


+ 


CO 

o 

+ 

o 


M  I  I  I  I  IT  M 


+ 


+ 


oiHco-«^^corae4i-4G>-i 

»   •  •   •   •••••••# 

ooeooooooooo 

I    I    I    1    I    I    t    II      + 

e40iaG»«DfHeo«Daooof 


cD>a^n<HOooGOOo 
+  +  +  +  +  +  +  +  I    I    II 


oo<Ho^)cacoiHtna-^m^mMoo 
dddddddddo 

+     ++++ I 


1    I 


^^P 
I    II 


GO 

+  + 


ea»c«iAcoe4ciiHe 

++++++++ 


.2    ^ 


^eoeooNGC>icomeoiH 
ddddddddddp 

+++++   ++++T 

WGOrHr^Gr-iHhSiHCI 

POOPOOOp^C9&>l 

I      1  +   +1  I  I  I 


oooo 


I  I 


o 


O  G  rl  C4  C*  r-i  <H 

++++++ I 


I  I  I  I  M  f ++  +  +  +++ 

coaoooaot«iAioeQocom^-HC9 

GOr-i'HrNOGOOGQGOO 
I    ++  +  +  +  +  +  11      I      ll 

■   ■  •   ••••••«•••■ 

COnGOG^OOOTHOpOp 

I  I I+++++I I  11 11 


«      «      • 
■      ■      • 


:  @ 


:  «> 


QOOG 


eo«oco 


i-^MS 


CO  oo 


mnc* 


tatato 

*       •       • 

r-t-t- 


OG  O 

odd 

•^  »-•  -^ 

GOO 


CO  00  n 


s 

■♦a 


t-00  JH 


n  M  CO 
io  G  V 


c«r«ee 

M««iG 


•  •  * 


X    28S 


"si 
B 


GOO 


GOO 


••4 

a 

o 

.a 


•OtOlO 


«D<D<<4> 


_.  •       •       • 


CO  CO  oo 


••«     a  a  P 


H      eoC4C« 


OS 

a 

o 


5 

CS 

o 

§ 


e«-«co 


9 
O 

a 


•    •    • 
00  00  00 


t-t»t- 


Seoco 


CO  CO  00 


5eo8 


a  o««9 


•-I  ,HG 


ctcou 


CO  CO 


CO  CO  CO 


•oSS 


o 
p 


^CIC4 


00  00  00 


00  A  A 


tD«0<D 

•  »  • 

04  04  01 

AAA 

oloioi 

c4  0«eo 

«    ■    • 

«Q0  OO  CO 

«DGCI 

>     •     • 
G  G  A 

miOG 

•  •  _  • 

■^"*^ 
ddd 

GGG 


GGG 

•  •  • 

GGG 

t-^  iH  r^ 

OGC 

•  •  • 

GOO 

00  00  00 


•  •  • 

•  ■  ■ 


4  St  « 


CO 


SCO 

Hi 


75 

PROCESS  FOR  ELIMINATING  THE  TRUE  DISTURBANCE   ORDINATES. 

In  order  to  get  the  pure  ordinates  belonging  to  the  disturbance  force 
proper,  which  is  conceived  to  be  superposed  upon  the  mean  dturnal 
variation  at  any  instant  of  time,  the  following  process  was  employed : 
From  the  records  of  each  observatory,  construct  the  mean  diurnal 
trace  of  each  element  in  millimeters;  plot  on  a  strip  of  semitransparent 
celluloid  a  scale  having  the  length  of  the  trace,  with  dots  showing  the 
mean  position  of  H.  D.  Y.  at  each  hour.  Such  variations  in  millimeters 
are  given  in  Table  14  for  nine  stations.  Zi-ka-wei  is  omitted  because 
its  traces  for  February  13  were  not  at  hand ;  those  for  January  4,  Janu- 
ary 28  were  worked  up  with  the  others.  These  are  normal  variations 
so  long  as  scales  and  sensitiveness  remain  unchanged.  The  mean 
ordinates  from  the  base  line  to  the  zero  line  of  the  scale  was  computed, 
and  they  are  given  in  the  same  table.  These  values  enable  us  to  place 
the  long  scale  upon  the  disturbed  trace  at  the  mean  distance  for  the 
day,  and  then  the  ordinates  between  the  scale  points  and  the  trace 
itself*  at  the  selected  instant,  give  the  values  A  H,  /^  D,  zc^  Y  in  milli- 
meters, from  which  data  the  computation  proceeds  as  before  to  tr, «,  a,  /?. 
The  distance  from  the  base  line  to  the  zero  line  of  the  scale  was 
determined  from  the  position  of  tlie  traces  on  the  days  just  preceding 
and  following  the  disturbance.  The  equivalents  of  1  mm.  in  units  fifth 
decimal  0.  G.  S.  are  given  at  the  bottom  of  the  table.  Next,  certain 
hours  and  minutes  were  selected  on  the  Greenwich  traces  for  computa- 
tion of  the  impulses,  and  the  corresponding  instants  found  on  all  the 
other  traces,  by  allowing  for  the  longitude  corrections.  The  results 
<T, «,  ft  for  February  13, 1892,  from  6.30  a.  m.  to  11.26  p.  m.,  G.  M.  T.,  are 
transcribed  in  the  accompanying  Table  15. 
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An  inspeotioii  of  the  numbers  shows  the  increase  of  the  disturbance 
up  to  its  maximum  values  of  (T,  «;  at  the  same  time  the  large  majority 
of  the  values  of  fi  are  directed  approximately  southward,  especially 
when  the  disturbance  strengthens  at  all  the  statious.  Toronto  and 
Pawlowsk  show  unusually  large  values  of  the  cr  «  at  certain  hours, 
and  this  may  be  due  to  some  peculiar  action  of  their  magnets,  or  to 
excessive  concentration  of  the  external  field  at  these  localities.  It  is 
of  course  not  my  purpose  to  examine  the  records  of  the  several  stations, 
except  as  they  compare  with  one  another  in  a  geueral  way.  The  con- 
clusion arrived  at  is  that  the  disturbance  impulses  indicate  an  unusual 
strengtheuing  of  the  impressed  field;  and  that  the  great  vector  impulses 
are  directed  southward. 

Tablb  16. 

MEAN  VALUES  OF  •.a,^. 


Date 

North  gronp 
South  group 

Mean  « 

Computed  a 
Observed  a  . 


Jan.  4. 

Jan.  29. 

0 

349  12 

187  50 

o     J 
341  14 
171  30 

0.00040 
38.8° 
23.5° 

0.00053 
33.5° 
22.7° 

Feb.  13. 


321  15 
195  73 


0.00186 
39.7° 
27.9° 


The  mean  values  of  «,  a,  /?,  for  the  three  disturbances  of  January  4, 
January  29,  February  13,  each  taken  as  a  whole,  are  collected  in  the 
Table  16,  which  contains  the  angle  ft  in  the  north  and  south  groups, 
the  number  of  distinct  impulses  measured  on  the  trace,  the  mean  8,  the 
mean  computed  and  observed  values  of  a.  These  are  not  the  maxi- 
mum but  the  average  values  of  the  disturbing  vectors  throughout  the 
entire  disturbance,  the  time  extending  to  the  hours  of  the  quiet  fields. 
The  maximum  values  of  «  for  February  13  is  about  thirty  times  that  of 
the  average  European  field  and  is  directed  southward.  In  almost  all 
eases  on  other  dates  the  large  vectors  point  in  the  same  direction. 
After  examining  all  the  disturbances  whose  records  are  accessible, 
from  1841  to  1896,  inclusive,  it  may  be  laid  down  as  a  rule  that  the 
disturbances  of  pronounced  type  are  always  impressed  upon  the  earth's 
normal  field  from  north  to  south. 

A  complet-e  computation  of  all  the  large  and  small  disturbances  for 
Washington,  1889, 1890, 1891,  taking  out  the  disturbing  vectors  for 
every  half  hour  during  the  period  of  defiection,  shows  a  ratio  of  three 
to  one  in  the  south  quadrant  over  the  north,  east,  or  west  quadrants. 
It  is  not  easy  to  see  how  anything  is  lacking  to  verify  this  fact  that 
grtai  disturbances  are  impressed  southward  upon  the  earth^s  field.  Also 
the  angles  a  are  such  that  lines  of  impressed  force  cut  across  the 
normal  magnetic  lines  derived  from  the  earth's  internal  magnetization, 
and  therefore  they  must  be  propagated  from  outside  of  the  earth's 
surfoce. 
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COMPONENTS  OF  THE  LINES  OF  A  SPHEKICAL  MAGNET  IN  A  UNIFOBM: 

FIELD. 

It  is  desirable  to  have  clearly  in  mind  what  the  effect  is  u|>ou  the  lines 
of  the  normal  field  of  a  magnetized  sphere  immersed  in  a  uniform  field 
when  the  latter  becomes  stronger  or  weaker.  Compare  charts  C,  7,  8. 
Let  A  B,  chart  12,  be  part  of  the  normal  field,  however  generated;  let 
A  D  be  lines  in  the  impressed  field,  when  pointing  southward  on  the 
right  side,  and  northward  on  the  left  side  of  the  diagram,  which  thus 


Chart  12. — Comiwiieuts  of  the  improBMed  forces  di8turbing  the  eiirth'M  nomml  field  in  both  north  and 

south  dire(;tioD8. 

includes  the  case  of  an  oscillation  to  each  side  of  the  mean  value  of  the 
normal  terrestrial  and  external  fields.  Besolve  along  radii  of  the  sphere 
extended.  The  components  of  A  B  are,  A  C  on  radius,  B  O  perpendic- 
ular to  it;  those  of  A  D  are  A  E  and  E  D;  the  vector  sum  of  these 
components  in  each  case  is  A  G,  which  is  a  i)art  of  the  resultant  line  of 
the  compound  field.  On  the  right  the  new  magnetic  line  is  outside  the 
original  normal  position,  and  on  the  left  it  is  inside  the  same.  An 
alternating  impressed  external  field  therefore  expands  the  lines  of  the 
entire  magnetic  field  outward  or  contracts  them  inward,  thus  increasing 
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or  decreasing  the  stability  of  the  sphere  as  a  magnet.  Such  alternations 
occur  irregularly  in  disturbances,  as  the  traces  show;  they  may  occur 
periodically,  with  a  wave  like  vibration  of  the  system.  Dr.  Eschen- 
hagen's  observations  on  the  minute  variations  of  the  terrestrial  field, 
with  waves  of  fifteen  seconds  or  some  other  short  period,  seem  to  indi- 
cate that  such  pulsations  pertain  to  the  earth's  field  as  one  of  its  per- 
manent characteristics.  Variations  of  the  magnetic  field  must  be 
accompanied  by  electric  currents,  which  may  profoundly  affect  the 
state  of  the  atmospheric  electric  field  by  integration.  Half  of  the 
energy  of  the  impressed  magnetic  field  must  be  expended  in  the  system 
somewhere  as  heat,  and  the  other  half  in  making  magnetic  potential.^ 

CRITICISM   OF   OTHER   THEORIES  TO  ACCOUNT  FOR  THB  VARIATIONS 

IN  THE  earth's  MAGNETIC  FIELD. 

It  may  be  observed  that  if  any  one  seeks  to  account  for  the  existing 
magnetic  field  by  putting  the  electric  currents  first  in  time  as  the  cause 
of  magnetic  changes,  then  the  electric  system  must  oscillate,  as  the 
magnetic  field  requires.  If  it  is  attempted  to  account  for  the  electric 
currents  as  convection  electricity  transported  in  the  meteorological  cur- 
rents  of  atmospheric  circulation,  then  not  only  must  the  meteorological 
currents  oscillate  back  and  forth,  to  accord  with  the  electro  magnetic 
system,  but  they  must  do  so  simultaneously  over  the  entire  earth, 
because  the  magnetic  variations  are  synchronous  over  the  globe  at  the 
same  instant.  Since  there  is  no  evidence  that  this  meteorological  fact 
exists,  it  is  inferred  that  the  extra  terrestrial  seat  of  the  magnetic  field 
is  pulsating  in  wave  like  oscillations.  Thus  the  magnetization  of  the  sun 
may  be  supx)osed  to  vary  its  magnetization  periodically  or  spasmodic- 
ally; then  these  variations  of  energy  are  propagated  in  transient  mag- 
netic currents  to  the  earth's  field,  where  the  pulsations  are  taken  up 
and  exhibited  by  the  observed  changes  in  H.  D.  Y. 

It  may  also  be  noted  that  the  normal  field  of  the  earth  is  also  a 
compound  field.  If  the  earth's  magnetic  field  has  a  true  potential,  it  is 
also  plunged  within  an  external  field,  assumed  to  be  steady  for  the 
instant.  What  we  observe  as  normal  is  the  resultant  of  these  two 
fields.  Such  an  internal  field  would  therefore  have  impressed  upon 
it  an  external  field,  distributed  in  magnetic  latitude  as  chart  11  indi- 
Cixtes.  Hence  the  Gaussian  potential  system  may  not  be  able  by 
expanding  terms  of  the  harmonic  orders  to  account  entirely  for  the 
observed  surface  field.  Indeed,  it  is  concluded  from  the  analysis  of 
observations  that  such  an  external  field  must  exist,  in  addition  to  the 
simple  potential  field,  even  with  a  heterogeneous  disposition  of  the 
internal  magnetization  of  the  earth. 

It  may  be  noted  that  a  system  of  vertical  earth-air  electric  currents, 
such  as  L.  A.  Bauer  describes  (Terrestrial  Magnetism,  II,  I,  p.  18),  con- 
forms to  the  scheme  of  Chart  11,  if  the  Bauer  curve  is  inverted,  and  the 


Compare  UeaviBide,  Physical  PaperS;  vol.  1,  pp.  456,  462. 
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of  forces  displays  a  beautifully  balanced  symmetry.  It  is,  therefore, 
believed  that  the  labor  of  making  such  a  model  will  repay  each  student 
of  terrestrial  magnetism.  In  computing  the  vectors  of  the  polar  field 
the  data  was  obtained  by  taking  the  variations  of  the  daily  means  on 
a  slowly  changing  normal  field  derived  from  the  means  of  the  months — 
that  is  to  say,  dealing  with  the  right-hand  column  of  means  as  usually 
published.  The  vectors  of  the  electro-magnetic  field  are,  on  the  other 
hand,  found  by  computing  the  variations  of  the  hourly  means  for  each 
month  relatively  to  the  mean  of  the  month — that  is,  by  simply  subtract- 
ing the  monthly  mean  along  the  lowest  row  of  the  page  as  commonly 
printed.  There  is  obviously  no  need  to  make  any  secular  changes  in 
these  quantities,  because  the  24-hourly  means  are  in  every  case  simul- 
taneously synchronous  throughout  the  day.  The  diurnal  variations  of 
the  needle  at  any  station  are  caused  by  the  earth  in  its  rotation  traus- 
porting  this  station  to  the  successive  24  points  in  the  impressed  field 
where  the  observations  are  made.  Since  the  aspect  of  the  sunlight 
field  is  similar  once  in  twenty-four  hours  for  every  station  on  the  earth, 
the  record  of  stations  widely  separated  in  longitude  may  be  made  to 
begin  on  one  meridian  by  ignoring  the  variations  in  local  time,  though, 
of  course,  in  fact,  each  station  is  at  the  same  moment  experiencing  the 
defiection  due  to  that  part  of  the  field  in  which  it  then  happens  to  be 
placed.  The  earth  may  thus  be  studied  as  a  nonrotating  body  rela- 
tively to  the  external  field  by  simply  orienting  the  vectors  of  each 
station  from  that  meridian  whose  plane  when  extended  will  pass  through 
the  center  of  the  sun.  By  computing  the  vectors  for  each  month  and 
the  mean  of  these  for  the  twelve  mouths,  a  mean  vector  system  will  be 
found  with  the  sun  in  the  equatorial  plane.  The  intersection  of  the 
central  meridian  and  the  equatorial  planes  locates  the  direction  of  the 
axis  of  the  external  field  before  any  distortion  caused  by  the  immersed 
earth  takes  place  in  it.  The  solar  field  has  an  outward  diminution  in 
induction,  and  hence  a  force  directed  from  the  sun  into  space.  Such  a 
magnet  as  the  earth  placed  in  an  external  field  should  experience 
deflections  after  the  nature  of  couples,  directed  toward  the  sun  in  the 
northern  hemisphere  and  from  the  sun  in  the  southern  hemisphere, 
with  very  well  defined  distribution  of  the  forces  in  sheets,  determined 
by  the  aspect  of  the  curvature  of  the  shell  in  the  several  latitudes 
relatively  to  the  direction  of  the  field.  It  has  not  yet  been  practicable 
for  me  to  give  the  work  necessary  to  elaborate  analytically  the  magnetic 
fields  produced  under  these  conditions,  because  of  the  difficulties  arising 
from  the  peculiar  asymmetric  distortion  due  to  the  lag  of  rotation  and 
the  temperature  distribution  in  latitude  and  longitude  as  the  result  of 
solar  radiation  upon  the  tropics.  The  following  scheme  (chart  13), 
however,  gives  some  idea  of  the  relations  that  appear  to  exist: 

Chabt  13.— Schematic  diatrlbation  of  the  diaturbins  vectors  of  a  mafnietised  sphere,  oovered  by  • 
permeable  shell,  immersed  ia  an  extemal  magnetio  fiela  and  atright  an^es  to  it. 
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A  PERMEABLE  SHELL  INOLOSINa  A  SPHERE  MAGNETIZED  AT  BIGHT 

ANGLES  TO  AN  EXTBBNAL  FIELD. 

The  shell  may  be  divided  into  two  polar  cap8>  P,i  and  P.,  cut  off  by 
planes  perpendicular  to  the  axis  of  magnetization  and  nearly  touching 
the  impermeable  nucleus;  into  two  midlatitude  zones  M^  find  M.,  having 
sphero-conical  surfaces;  and  into  one  equatorial  sphero-rectangular 
zone  E,  parallel  to  the  axis  of  maguetization.  If  the  sun  lies  in  the 
plane  of  the  diagram  central  to  the  right,  its  tield  is  directed  from  right 
to  left.  The  earth  is  a  magnet,  with  its  external  tield  directed  in  wide 
curves  upward.  Every  unit  volume  of  the  new  comx)ound  inagnetio 
field  is  tlie  resultant  of  these  two  fields,  now  excluding  the  coronal  field. 
The  observations  are  made  at  the  surface  of  the  earth  for  the  deflec- 
tions, and  the  field  can  not  be  explored  outwards,  except  analytically, 
or  by  model- magnets.  The  deflecting  forces  are  arranged  along  lines 
which  seek  the  path  of  least  magnetic  resistance,  and  that  is  through 
the  shell.  Each  polar  cap  has  a  twisting  couple,  the  components  acting 
against  one  another  in  the  opposite  hemispheres  and  penetrating  the 
shell.  The  midlatitude  zones  constitut'C  also  a  couple,  acting  to  the 
right  in  the  northern  zone  and  to  the  left  in  the  southern,  penetrating 
the  shell  about  parallel  to  the  ecliptic.  The  equatorial  zone  contains  a 
couple,  on  the  right  side  upward  and  on  the  left  side  downward,  pen- 
etrating the  shell  merely  at  right  angles  to  the  plane  of  the  orbit. 
These  may  merge  into  discontinuous  sheets  to  form  one  system.  The 
effective  magnetic  forces  are  the  physical  resultants  of  an  extremely 
rapid  alternating  field  acting  upon  the  earth's  magnetic  field.  Induc- 
tion is  probably  important,  as  shown  by  the  greatly  increasing  strength 
of  the  deflecting  field  in  the  polar  caps.  The  temperature  is  also  an 
efficient  term,  because  magnetic  effects  increase  with  decrease  of  the 
temperature  of  the  medium.  The  rotating  of  the  earth  is  a  term  of 
some  importance  and  may  partly  account  for  the  lag,  though  this  view 
is  contradicted  by  the  peculiar  twist  in  the  polar  caps,  where  the  axis 
of  the  couple  is  nearly  at  right  angles  to  that  of  the  couples  in  the 
middle  zones.  Convection  currents  of  the  atmospheric  circulation, 
static  atmospheric  electricity,  the  disintegration  of  the  radiant  waves 
into  heat,  are  also  elements  to  be  considered  in  the  solution  of  this 
complex  problem. 

COMPUTATION  OF   THE   VECTOR   SYSTEM  FOB  JAN  MAYEN. 

The  preceding  remarks  are  based  upon  the  results  of  the  following 
computation:  There  are  30  stations  available  for  the  discussion  of 
observations  in  H.  D.  Y.  during  a  year,  from  which  the  simultaneous 
variations  AH.  aD.  a  Y.  can  be  obtained.  Table  17  gives  the  stations, 
their  geographical  x)osition,  the  year  of  the  record,  and  the  magnetic 
elements  in  the  two  systems,  F.  D.  I.  and  H.  D.  Y. 
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Table  17. — Coordinates  of  the  magnetic  elements  at  thirty  8tatunt$, 


Stations. 


Lonfi^itudeJ  Latitude.     Tear 


KiDgua  Fjord  . ,    4  29 

Fort  Rae |    7  42 

Uglaaniie 10  26 

Cap  ThordAen.— 1    2 

Jan  Mayen 0  33 

Bofwekop ; — 1  35 

Toronto 5  17 

SodankylH ~-l  46 

Mnkerstown  ..  0  10 
Washinffton  ..     5   8 

Pawlowsk —2    1 

Dublin 0  25 

Wilhelmshaven  —0  32 
Greenwich....  0  0 
ParcSte.Maur.  — 0    9 

Vienna — 1    5 

Poia :— 0  55 

Los  Anfpeles  ..  -f  7  53 

Tiflla —2  59 

Zi-Ka-Wel  ....  -8    5 

Bombay —4  51 

Madras —5  20 

Singapore -6  55 


21  W  +66 
55  W  +62 
30W +71 

49  £  f78 
53  W   t  70 

50  £  I  69 
3:JW|+43 
25  E    r67 

4  W  +55 
12\Vi+38 


35  40 

38  52 
17  42 
28  27 
59  48 
57  29 

39  24; 
24  30' 
34  45 
53  39 


Deqlina- 
tion. 


56£ 
4W 

35  E 
0 

23  E 
28  E 

24  K 


H59 
+53 
+  63 
^61 

+  48 
+48 

+44 


41 
21 


00 
00 


St.  Helena 0 

Batavia —7 


SiidGeorgien. 
Cape  Horn  . . . , 
Cape  G  ood 

Hope 

Melbourne  — 
Hobarton 


22 
7 
2  24 
4  41 

-1  15 
—9  39 
—9  49 


2  W+34 
10  E  .  i  41 
45  fi  +31 
16  E  +18 
59  E  +13 
23E  +  1 
42WI— 15 
14  E  1—  6 

OW— 54 
41W— 66 


31  52 
28  38 
48  34 
14  00 

52  00 
2  58 

43  8 
12  30 

53  30 
4    8 

17  0 
56  41 


11 
61 
31 


0 

0 

24 


1882-1883 

72  12  W 

1882-1883 

40  20  E 

1882-1883 

85  37  E 

1882-1883 

12  49  W 

1882-1883 

29  53W 

1882-1883 

4    3W 

1843-1848 

1  29W 

1882-1883 

1  20  W 

1845 

25  11  W 

1890 

4    6W 

1883 

0  42  W 

1842-1843 

27  17  W 

188*.'-1883 

13  54  W 

1883 

18  15  W 

1889 

15  45  W 

1884 

9  35W 

1890 

10  14W 

1882-1889 

14  28E 

1883 

.0  59  E 

1885 

2    9W 

1863 

0  34E 

1851-1855 

1    OE 

1843-1845 

1  35  E 

1841-1845 

22  46W 

1888 

1  47  E 

1882-1883 

0  15  W 

1882-1883 

20  HE 

Incli- 
nation. 


83  52 
82  55 
81  23 
80  27 
79  2 
76  32i 
75  15 
74  45 
15 
5 


55  E  —33  56  0 
53  £  —37  48  35 
50  £  —42  52  30 


1841-1846 
1858-1863 
1841-1848 


71 

71 

70  44 

70  41 

68    1 

67  32 

65  13 

63  24 

60  43 

59  30 

55  35 

46  18 

19  18 

7  37 

—12  41 

—21  37 

-28  26 

—48  53 

—52  55 


29    7  W   —53  21 

8  28  E     —67  20 

9  47  £     —70  36 


Mag. 
Lat. 


77  52 
76  21 
73  8, 
71  4 
68  49 
64  25 
62  14 
61  24 

55  5o; 

55  34, 

55    3 

54  58, 

51    5: 

50  24; 

47  17 

4447; 

41  43; 

40  20 

36    7 

27  37 

9  53 

3  50 

-  6  25 

-II  12 

-15    8 

-29  48 

-33  291 

•33  54 
■50  8 
■54  50 


Hori- 
zontal 
force. 


Vertical    Total 
force.      force. 


0. 06379 
0.07669 
0.08940 
0.08921 
0. 09746 
0. 12087! 
0. 16325 
0. 13352 
0. 15603^ 
0.19860 
0.16380 
0. 16182 
0. 17773' 
0.  I8IOO1 
0. 195221 
0. 20654! 
0. 21948^ 
0. 272731 
0. 257421 
0.32911 
0. 87187 
0.37383 
0. 37250  — 0. 
0. 25710—0. 
0. 37094—0. 
0. 25668—0. 
0. 28536-0. 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


59321 
61760 
58980 
5:t006 
50294 
50456 
62000 
49095 
46963 
57928 
46858 
46166 
44030 
437G2 
42309 
41031 
39127 
46300 
87566 
34435 
12967 
05015 
08383 
10188 
20070 
29405 
37760 


0.20740—0.27876 

0.23567 

0.20700 


0. 

0.02234 

0.S0652 

0.53751 

0.51229 

0.51885 

0.64121 

0.50781 

0.48540 

0.61238 

0.49638 

0.48919 

0.47483 

0.47359 

0.46559 

0.45885 

0.44863 

0.53730 

0.45560 

0.47633 

0.38969 

0.37718 

0.38182 

0.27655 

0.42175 

0.39033 

0.47329 


0.34745 
— 0. 56409  0. 61134 
—0.58790  0.62310 


The  station  Jan  Mayeii,  1882, 1883,  is  transcribed  in  detail  for  every 
month  except  August,  when  there  were  no  observations.  The  monthly 
mean  is  subtracted  from  the  successive  hourly  means  for^lH.z:iD.A  V, 
and  these  are  transformed  into  a*,  Sj  rr,  /i.  The  annual  means  are 
taken  and  placed  in  the  last  column  of  Table  18. 

Table:  IS,— Diurnal  deflecting  forces  at  Jan  Mayen^  188B-188S, 


1 

January. 

February. 

March. 

April. 

Hour. 

- 

- 

t 

_ 

- 

— 

1 

■  —  - 

"    " 

—  — 

-  — 



^ 

53 

a      1 
+38 

172 

54 

80 

a 

_ 

+48  1 

105 

<r 

M 

71 

a 
+68 

195 

0- 

M 

76 

a 

B 

Mid.   '• 

45 

27 

44 

+65' 

195 

1      ' 

58 

70 

+37 

188 

49 

83 

+  55  , 

202 

30 

73 

+65 

222 

85 

65 

+57 

ai5 

2 

38 

60 

+50 

206 

70 

103 

+48 

132 

76 

102 

f41 

208 

53 

54 

+44 

220 

3     ; 

30 

40 

+  42 

225 

60 

68 

+  40 

227 

ICO 

125 

+37 

218 

62 

68 

+  87 

223 

4      i 

35 

53 

-•40  ' 

222 

60 

72 

+34 

282 

100 

118 

+32 

217 

72 

77 

f22 

224 

^      1 

45 

46 

+  10 

208 

60 

63 

+  18 

238 

90 

96 

+  18 

214 

78 

78 

+  6 

226 

6      1 

22 

22 

—  8 

234 

30 

30 

-  2 

272 

65 

65 

+  6 

205 

82 

85 

—18 

280 

7 

16 

20 

—33 

320 

25 

27 

—  18 

280 

50 

57 

—30 

214 

46 

53 

-80 

222 

8 

20 

22 

—23 

358 

27 

32 

—33 

330 

13 

57 

—28 

228 

23 

80 

—40 

886 

9 

22 

22 

—  6 

2 

28 

30 

17 

345 

13 

20 

—48 

235 

20 

22 

—18 

250 

10 

25 

26 

+  15 

2 

25 

25 

—  4 

347 

61 

63 

—13 

2 

9 

11 

-40 

75 

11      1 

32 

33 

+  17 

5 

40 

40 

—  4 

358 

42 

46 

—21 

2 

16 

16 

—10 

SO 

^oon.  1 

45 

46 

+  13  , 

9 

55 

57 

-18 

3 

60 

67 

—25 

12 

41 

41 

—14 

8 

1 

46 

46 

+  6 

9 

73 

74 

-8 

10 

70 

78 

—26 

20 

73 

74 

-8' 

9 

2 

48 

48 

—  1 

12 

80 

84 

—18 

9 

102 

108 

—22 

15 

83 

84 

8 

12 

3 

62 

63 

-12  , 

2 

52 

58 

22 

15 

92 

102 

—25 

16 

87 

91 

-18 

16 

4 

51 

55 

—20 

10 

32 

53 

—53 

35 

105 

120 

—28 

14 

92 

100 

—25 

90 

5 

45 

52 

—39 

10 

22 

58 

—67 

45 

81 

99 

—34 

25 

87 

97 

— ae 

20 

6 

11 

40 

-74 

16 

54 

80 

—48 

66 

40 

66 

—51 

60 

70 

84 

84 

64 

7 

40 

65 

-54 

144 

37 

56 

-49 

100 

38 

64 

—54 

88 

54 

74 

-44 

71 

8 

33 

50 

—50 

143 

33 

41 

-50 

88 

51 

53 

—15 

112 

67 

66 

—80 

89 

9 

46 

50 

-22 

158 

80 

8U 

—  2 

140 

46 

46 

0 

148 

35 

36 

+17  • 

110 

10 

30 

31 

f  16 

144 

.W 

57 

120 

142 

40 

5U 

+  36 

143 

62 

70 

+27 

178 

11 

40 

45 

+;m) 

170 

13 

32 

i64 

2<K) 

46 

75      f52 

183 

76 

100 

+38 

174 

Mid. 

45 

53 

_ 

+33 

172 

54 

80 

+48 

196 

27 

7L         68 

195 

44 

76 

+65  , 

196 

85 


Tabuc  18.— DittriMl  deflteting  foree$  at  Jan  Magen,  7£Si-i.S$^— Continued. 


May. 

Jane. 

Jaly. 

September 

» 

iHour. 

_ 

— 





9 

84 

» 
98 

a 
+30 

193 

9 

64 

** 

175 

46 

8 

78 

a 
+53 

^ 

XT 

28 

8 

40 

a 
+44 

^ 

Hid. 

63 

+  12 

185 

187 

1 

77 

97 

+38 

189 

61 

67 

+26 

200 

97 

130 

+42 

200 

44 

60 

+42 

206 

2 

75 

100 

+41 

209 

105 

112 

+32 

195 

100 

145 

+  46 

204 

58 

66 

+28 

214 

8 

93 

105 

+28 

213 

125 

127 

+11 

207 

140 

171 

+35 

198 

100 

110 

+  24 

200 

i 

100 

104 

+  15 

216 

127 

130 

—11 

210 

104 

127 

+34 

210 

61 

61 

+  5 

211 

5 

92 

92 

—  2 

214 

128 

140 

—22 

212 

100 

109 

423 

215 

56 

57 

—13 

214 

6 

72 

75 

^16 

215 

94 

116 

—87 

220 

76 

76 

+  I 

222 

48 

56 

-29 

200 

7 

41 

45 

-24 

222 

46 

90 

-59 

227 

70 

70 

0 

228 

15 

30 

—61 

182 

8 

20 

33 

—28 

230 

34 

68 

—70 

233 

60 

61 

—  7 

218 

15 

25 

—64 

238 

9 

12 

17 

—46 

230 

16 

70 

—74 

235 

33 

35 

—19 

210 

9 

13 

—46 

852 

10 

8 

15 

56 

125 

16 

55 

—71 

270 

9 

11 

-43 

270 

6 

7 

—30 

0 

U 

18 

18 

+  89 

8 

29 

70 

—65 

347 

25 

25 

—10 

348 

30 

30 

—  1 

22 

Noon. 

44 

45 

+  14 

17 

46 

80 

-54 

3 

29 

32 

—26 

8 

60 

61 

+  8 

12 

1 

77 

77 

0 

10 

62 

73 

—58 

358 

86 

90 

—15 

4 

42 

43 

+12 

30 

2 

94 

04 

-  3 

8 

97 

180 

—41 

13 

88 

98 

-25 

16 

83 

83 

+  3 

16 

3 

125 

125 

—  3 

12 

104 

135 

-41 

13 

133 

146 

-24 

15 

90 

90 

-5 

13 

4 

110 

112 

—12 

10 

140 

173 

-36 

16 

148 

163 

—26 

12 

90 

90 

—  7 

10 

5 

117 

125 

—19 

13 

104 

104 

-51 

24 

100 

120 

—13 

10 

82 

86 

—17 

20 

6 

95 

112 

31 

25 

97 

162 

-53 

25 

120 

140 

71 

28 

70 

80 

—28 

38 

7 

58 

70 

—32 

65 

80 

150 

58 

40 

82 

100 

—35 

51 

55 

64 

—31 

72 

8 

44 

65 

-48 

93 

64 

128 

—60 

-  92 

45 

60 

—40 

45 

43 

50 

—33 

86 

9 

50 

52 

—18 

117 

66 

107 

—51 

106 

54 

57 

—22 

100 

62 

62 

+  « 

136 

10 

40 

42 

+  18 

128 

45 

67 

—48 

184 

21 

22 

—14 

104 

79 

86 

+24 

\    166 

11 

63 

77 

+35 

169 

32 

39 

—32 

145 

49 

65 

+41 

166 

28 

40 

4-46 

170 

Hid. 

84 

98  '  4^30 
October. 

193 

63 

64 

+12 

175 

46 

78 

+53 

186 

28 

40 

+44 

187 

November. 

December. 

Annual  means. 

Hoar. 

- 

--- 

- 

- —  --  - 

1 

a 
33 

8 

60 

a 
+57 

210 

78 

95 

a 

+41 

XT 

65 

.7 

83 

a 
+  38 

^ 

51 

1 

1  % 
72 

+43 

^ 

Hid. 

200 

191 

1 

68 

92 

+47 

204 

78 

116 

+48 

186 

39 

65 

+54 

190 

58 

84 

+46 

200 

2 

00 

77 

+38 

210 

86 

102 

+33 

212 

30 

60 

+  68 

200 

68 

89 

1-41 

201 

3 

63 

75 

+  32 

209 

66 

90 

+  43 

219 

58 

70 

+33 

119 

81 

95 

+33 

206 

4 

106 

110 

+  14 

207 

22 

76 

+16 

190 

84 

86 

+  15 

205 

79 

92 

f20 

213 

5 

72 

74 

+  12 

215 

57 

78 

-I- 48 

240 

.  32 

34 

+20 

210 

74 

79 

+11 

219 

6 

51 

53 

-14 

214 

40 

44 

+24 

282 

;  20 

20 

+  12 

247 

56 

58 

—  7 

231 

7 

16 

29 

-68 

272 

60 

91 

—10 

308 

1  " 

20 

44 

240 

36 

46 

-33 

247 

8 

20 

28 

—45 

316 

00 

60 

—  1 

320 

'  17 

18 

—21 

240 

29 

40 

—32 

268 

9 

32 

35 

—28 

328 

-50 

50 

-  8 

333 

29 

29 

-10 

352 

24 

31 

-29 

295 

10 

40 

43 

—23 

342 

65 

65 

—  4 

333 

36 

36 

—  4 

350 

27 

32 

-25 

291 

11 

55 

55 

-12 

4 

47 

52 

-25 

325 

51 

51 

+  2 

5 

35 

40 

—  4 

0 

Noon. 

106 

110 

13 

5 

42 

52 

-38 

359 

55 

55 

—  3 

8 

63 

59 

—  14 

8 

1 

45 

50 

—28 

16 

70 

80 

-29 

4 

61 

1  61 

—  1 

8 

64 

68 

—14 

11 

2 

73 

78 

—20 

14 

67 

96 

—46 

20 

.  63 

1  65 

—14 

7 

80 

88 

—18 

13 

8 

82 

85 

-15 

20 

68 

112 

-40 

32 

68 

71 

—19 

6 

88 

98 

—20 

15 

4 

06 

88 

—34 

20 

49 

80 

—62 

88 

55 

60 

—25 

10 

85 

99 

—29 

22 

5 

52 

70 

—40 

33 

64 

80 

-60 

77 

25 

40 

-50 

20 

71 

90 

—36 

28 

G 

35 

52 
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THE   GLOBE   MODEL   CONSTRUCTED    FKOM    THE  VECTORS  AT    THIRTY 

STATIONS. 

A  table  of  the  annual  means  derived  in  the  same  way  for  thirty  sta- 
tions was  constructed,  and  should  properly  be  given  here,  but  is  omitted 
because  it  differs  merely  by  minor  variations  from  the  adjusted  values 
used  in  making  the  30inch  globe  model,  which  was  built  up  from  this 
original  data.  There  is  some  looseness  in  the  harmony  of  the  observa- 
tions among  the  stations  of  each  group,  as  may  be  expected  from  the 
many  causes  operating  to  produce  local  variations,  and  from  the  fact 
that  the  computations  covered  only  one  year  at  each  station,  while  the 
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observations  themselves  are  spread  tliroagh  forty  years,  1841  to  1883. 
The  fact  of  real  agreement,  however,  indicates  that  the  fandamental 
system  is  persistent,  instantaneous  in  its  development,  and  has  no  sec- 
ular variation.  On  the  large  globe  the  wires  which  represent  the  com- 
puted vectors  were  inserted,  twenty- four  on  a  given  parallel  of  mag- 
netic latitude  corres]K)nding  to  a  station,  one  for  each  hour.  Each 
wire  by  its  length  and  jwsition  shows  the  relative  strength  and  direc- 
tion of  that  impressed  force  which  will  change  the  normal  terrestrial 
magnetic  field  into  the  one  actually  observed  at  the  station  at  the 
given  hour.  The  discussion  of  the  observations  of  terrestrial  magnet- 
ism has  hitherto  usually  confined  itself  to  the  diurnal  variation  of  each 
component,  horizontal  force,  declination,  and  vertical  force,  taiien  sepa- 
rately. It  is  obvious  that  our  process  merely  combines  these  varia- 
tions into  one  resultant  vector  acting  in  space,  and  is  not  only  as  legiti- 
mate as  the  prevailing  method,  but  very  much  more  instructive.  A 
detailed  description  of  the  vectors  of  the  following  system  would  there- 
fore merely  reproduce  the  facts  stated  at  length  in  the  several  reports, 
of  which  it  is  an  approximate  combination  and  summary. 

Since  each  vector  wire  represents  the  mean  value  of  the  impressed 
force  acting  on  the  average  for  a  year,  the  system  of  vectors  exhibits 
the  distribution  of  the  external  field  of  force  as  deflected  by  the  mate- 
rial of  the  earth  acting  as  a  magnet.  When  the  individual  vector  wires 
were  inserted  on  the  globe  in  latitude  and  longitude  for  all  the  spaces 
available,  it  was  easy  to  see  in  any  locality  the  average  trend  of  the 
vectors.  The  wires  were  therefore  bent  or  adjusted  a  little  to  give  a 
gradually  varying  vector  system,  these  changes  being  the  smoothing 
out  of  the  irregularities  to  a  legitimate  extent;  Irom  the  system  thus 
constructed  the  vectors  of  the  following  Table  19  were  measured.  They 
form  an  api)roximate  representation  of  the  mean  magnetic  vector  sys- 
tem, and  this  should  be  discussed  on  its  merits,  whatever  conclusion  it 
may  lead  us  to  adopt.  The  importance  of  the  result  is  such  as  to  war- 
rant a  complete  computation  of  all  available  observations,  in  order 
to  elucidate  some  minor  points  that  still  remain  inadequately  deter- 
mined. The  model  represents  a  mean  annual  system  of  deflecting  forces 
impressed  upon  the  magnetic  meridians  of  the  earth,  the  sun  being  at 
the  intersection  of  the  equator  and  central  noon  meridian,*  the  poles 
of  the  model  are  intended  to  represent  the  magnetic  poles  of  the  earth. 
Of  course  the  magnetic  meridians  are  modified  into  great  circles  on  the 
globe. 
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Tablb  1&.—I>t_««clivff  ctctort  o/  the  eqtiatari«t  eliilrotiutgneiie  field. 
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Tahlk  19. — Deflectinff  rectors  of  the  equatorial  elootro-nutgnetio  field — Continued. 

[Mensand  on  the  globe  model.] 
[»  —  UDitM  Afth  docimal  C.  G.  S. ;  a  =  positive  below  horizon ;  0  =  in  asimuth  N.  W.  S.  £.  ] 
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Chart  14.— Deflecting  fortius  of  the  electro-magnetic  field  with  sun  on  central  meridian.         * 

i^^A/imuth  counted.  0-— north,  90-  west,  18a-  south,  270^  ea«t.  a=Altitude 
counted,  -f  below  surface,  — above  surface.  «.=:Length  of  the  defle<rtiug  vector 
force  at  given  place  and  time.  Red  Uuoa=forcc8  entering  the  earth,  filae  liiie8v= 
forces  emerging  f^om  the  earth. 
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Oliart  14  shows  the  vectorB  of  the  model  looked  at  from  the  buh  and 
aloug  its  radi»ut  lines.  Chart  15  shows  the  same  model  looking  down 
npon  the  north  magnetic  pole.  The  orieutation  and  position  of  the 
stations  is  shown  by  the  precepts  on  the  diagrams.  Ohart  16  gives  a 
scheme  of  the  vectors  in  both  hemispheres.  It  is  once  more  recom- 
mended that  a  similar  model  be  constrncted  by  students  who  desire  to 
have  a  fitting  idea  of  this  magnetic  fteld. 


Chabt  is — Ueflecllog  fones  of  the  tleoim-inBgnetie  field,  nortb impietli'  hi^mwphiT''. 
DESCRIPTION  OF   THE  FORCES  OF  THIS  MAONETIC  SYSTEM. 

An  inspection  of  the  model  shows  that  it  is  cocstnicted  nuder  these 
controlling  conditions,  (I)  couples,  (tJ)  magnetic  refraction,  (3)  a  perme- 
able shell.  There  sre  three  distinct  conples:  (1)  That  in  the  polar  cap, 
with  axis  in  northern  hemisphere  on  the  4  o'clock  meridian.  The 
connterpart  in  the  sontheiii  hemisphere  is  not  in  evidence  for  lack  of 
obNervatioas,  but  symmetry  requires  its  existence.  The  vectors  are 
strong,  and  vary  from  0.00100  C.  G.  9.  to  .0.00040  C.  G.  8.,  the  long 
ones  spreading  oat  and  entering  the  cap  on  each  side  at  4  a.  ni.,  bat 
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Chart  16.— Scheme  of  the  directione  of  the  deflecting  forees  canslng  the  diamal  TftiiatioBt. 
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CM>iicentratiiig  and  emerging  on  1he«9pMito  side  at  4  p.  m.  Along  the 
10  a.  m.  and  10  p.  m.  meridians  the  linea  evidentlTipaB  ihrougb  the  cap. 
Probably  all  the  entering  lines  are  transmitted  within  the  cap,  bat  this 
is  not  so  certain,  as  some  lines  may  perhax>s  pass  through  the  shell  from 
north  to  south,  like  the  lines  of  the  polar  field  previously  described.  (2) 
The  second  couple  is  in  the  niidlatitude  zones,  with  vectors  toward  the 
sun  in  the  northern  and  away  from  the  sun  in  the  southern  hemisphere. 
(Chart  14.)  These  vectors  do  not  converge  on  the  noou  meridian,  but  at 
10.30  a.  m.,  and  they  represent  a  sheet-system  asymmetrically  disposed 
to  that  plane  on  the  illuminated  side  of  tbe  earth.  Whether  this  is  a 
true  lag  angle  caused  by  rotation  or  a  displacement  due  to  the  fact  that 
the  magnetic  lines  seek  the  coldest  surface  regions  consistent  with  the 
balance  of  the  total  p.ystem,  and  is  theretbre  partly  a  meteorological  phe- 
nomenon, it  is  not  easy  to  say.  The  corresponding  plane  of  divergence 
of  the  sheets  in  the  northern  hemisphere  is  at  6.30  p.  ro.,  and  in  the 
southern  hemisphere  at  8  p.  m.  The  southern  hemisphere  seems  to  be  in 
some  respects  twisted  about  one  hour  in  the  direction  of  rotation  rela- 
tively to  the  northern.  (3)  The  third  couple  is  in  the  tropical  zone,  with 
vectors  emerging  northward  on  the  sun  side  and  entering  southward 
on  the  dark  side  of  the  earth.  All  these  couples  are  consistent  with 
the  view  that  the  earth,  having  its  x>ositive  magnetism  south  and 
negative  north,  is  placed  in  a  field  of  force  diminishing  in  strength 
from  the  sun  outward,  because  the  southern  geographical  hemisphere 
is  rei>elled  and  the  northern  attracted.  This  would  seem  to  be  proof 
positive  that  the  electro-magnetic  field  of  solar  radiation  is  capable  of 
acting  like  a  static  field,  and  is  one  more  instance  of  the  breaking 
down  of  the  distinction  usually  maintained,  that  the  nature  of  the 
static  and  dynamic  lines  of  magnetic  force  is  essentially  different. 
So-called  statical  lines  are  probably  rotating  vortices,  the  angular 
velocity  being  unknown,  but  great.  Dynamic  radiant  lines  are  quite 
certainly  transverse  vibrations  of  enormous  frequency,  but  both  are 
essentially  dynamic  conditions  of  ether  motion  and  should  be  treated 
from  this  point  of  view. 

The  phenomena  of  refraction  is  clearly  seen  to  be  a  characteristic  of 
this  field  of  force.  Thus  across  the  north  polar  region  there  is  a  line 
of  tangency  where  the  vertical  component  disappears,  on  the  west  side 
of  which  the  forces  enter  and  on  the  east  side  emerge.  This  line 
extends  southward  between  8  a.  m.  and  9  a.  m.  to  the  southern  hemi- 
sphere, but  reverses  the  relative  entry  and  emergence  of  the  vectors. 
It  returns  between  the  2  p.  m.  and  3  p.  m.  meridians,  having,  no  doubt, 
crossed  the  south  x>ole  with  its  counterpart  vectors.  It  makes  a  turn 
along  the  sixtieth  north  parallel  just  under  the  aurora  belt  till  it  joins 
its  lines  over  the  polar  regions  (Chart  15,  dotted  lines).  Between  10  a.  m. 
and  11  a.  m.  the  declination  comi)onent  vanishes,  when  H  and  V  are  at 
a  maximum.  This  line  also  passes  from  the  north  x)o1e  to  the  south  i>ole, 
but  huH  a  tendencv  to  become  11  a.  m.  or  11.30  a.  m.  in  the  southern 
hemisphere.    It  does  not  appear  on  the  dark  side  of  the  earth. 
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There  is  a  belt  including  the  stations  Washington,  Makerstown,  Dnb- 
lin,  Pawlowsky  near  magnetic  north  latitude  50^  extending  from  mid- 
night to  6  a.  m.,  where  the  sign  of  the  vertical  angle  is  not  decisively 
determined.  The  impression  from  the  neighboring  stations  on  the  model 
is  that  it  should  be  +  ^  that  is  entering  the  surface }  but  firom  the  compu- 
tations it  is  probably  — ,  as  given.  There  is  a  transition  from  one 
sheet  to  the  other  at  this  latitude,  and  its  effect  may,  in  fact,  be  to  make 
the  angle  a  negative  along  a  narrow  zone.  Further  attention  should 
be  paid  to  this  region.  It  may  be  remarked  that  usually  the  passage 
from  one  system  of  couples  to  another  is  accompanied  by  small  values 
of  8j  large  values  of  ^,  and  rapidly  changing  values  of  /^. 

The  distribution  of  any  system  of  outside  forces  is  determined  not 
only  by  the  permeability  of  the  material  but  by  its  shape  as  well,  because 
a  path  that  is  limited  to  a  narrow  region  inside  necessarily  constrains 
the  outside  force  to  take  up  such  curves  in  the  ether  as  will  carry 
them  to  the  surface  at  angles  consistent  with  the  index  of  magnetic 
refraction  and  the  interior  path.  Hence  we  have  in  the  case  of  a  shell 
a  system  of  forces  (1)  compelled  to  go  through  a  thin  cap  at  the  poles, 
(2)  around  thin  zones  in  middle  latitudes,  and  (3)  up  and  down  through 
a  thin  zone  in  the  equatorial  regions.  This  explanation  is  entirely  con- 
sistent with  the  results  of  the  discussion  of  the  polar  magnetic  field,  on 
the  view  that  the  sunlight  field  has  the  power  to  act  like  an  ordinary 
magnetic  field  as  usually  understood.  Recalling  now  the  conclusions 
of  the  preceding  chapter,  where  it  was  indicated  that  we  have  three  com- 
ponent fields  of  magnetic  force  to  consider,  namely,  (1)  the  field  from 
the  earth's  magnetization,  (2)  the  impressed  field  from  the  normal  polar 
magnetism  of  the  sun,  (3)  the  variations  of  these  fields,  the  former  in 
secular  and  the  latter  in  short  periods,  we  have  yet  to  add  the  field  (4) 
just  now  derived  from  the  equatorial  solar  radiation.  We  thus  advance 
to  another  degree  of  complication,  when  discussing  the  action  of  induc- 
tion from  vibrations  of  great  frequency,  from  the  motion  of  the  mass  of 
the  earth  within  two  outside  fields,  from  convection  currents  of  the 
atmosphere,  from  degeneration  of  all  waves  into  Joule's  heat,  from 
atmospheric  electricity,  and  even  other  types  of  energy. 

At  this  place  many  academic  questions  can  be  raised,  resulting  from 
old  theories,  or  from  ]ack  of  understanding  of  the  full  consequences  of 
the  evidence  here  brought  forward,  but  it  must  be  remembered  that 
discussions  involving  the  conflict  of  old  and  new  views  only  serve  to 
obscure  the  question,  unless  it  can  be  shown  by  fair  criticism  that 
the  treatment  of  the  observations  is  in  some  way  incorrect.  If  the 
evidence  is  accepted  as  sound,  then  portions  of  the  theories  regarding 
the  origin  of  terrestrial  magnetic  forces  which  are  now  held  must  be 
abandoned  or  else  modified  to  meet  the  facts  brought  forward.  For  my 
part,  after  patient  consideration  of  all  the  data,  I  see  no  reason  for  not 
accepting  the  views  substantially  as  explained  in  my  papers  i)ertaining 
to  these  subjects. 
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CHANGE  OF  THB  BNTIBE  VECTOR  SYSTEM  IN  LATITUDE  WITH  THE 

sun's  DECLINATION. 

As  a  proof  that  the  vector  system  here  attributed  to  the  electro-mag- 
netic field  has  iu  reality  that  ori^iD,  there  is  one  fact  which  can  not  be 
reproduced  in  full  in  this  abstract.  In  studying  the  vectors  ironi  month 
to  month  (see  Jan  Mayen)  it  is  found  that  as  the  sun  changes  its  decli- 
nation the  entire  magnetic  system  follows  it  in  both  hemispheres.  At 
each  station  there  occurs  a  variation  in  the  components,  such  as  has 
been  studied  iu  the  annual  variations,  which  yet  constantly  refers  the 
couples  to  an  axis  always  pointing  to  the  sun.  In  no  other  way  could 
this  occur  than  as  a  consequence  of  the  changing  aspect  of  the  earth's 
field  in  the  external  field,  brought  about  by  the  orbital  motion  of  the 
earth  around  the  sun.  Those  who  seek,  therefore,  to  account  lor  the 
earth's  magnetic  field  by  atmospheric  currents  of  convection  alone, 
omitting  impressed  external  fields,  must  show  that  such  meteorological 
air  currents  exist  as  would  produce  not  only  the  distribution  described 
in  the  preceding  but  also  in  the  present  chapters.  It  is  much  more 
probable  that  certain  meteorological  effects  must  be  ascribed  to  the 
action  of  the  external  fields,  than  that  the  fields  themselves  should  be 
theefiects  of  the  movements  of  the  atmosphere  in  convection  currents. 


Chapter  5. 

some  rblations  bwpvneuof  the  variations  of  isb  ter- 
restrial magnetic  field  and  the  meteorolooicax* 
elements. 

method  followed  in  comparing  magnetic  and  meteorologi- 
CAL  DATA. 

We  will  now  briefly  sketch  the  process  employed  in  our  own  investi- 
gations, in  an  attempt  to  bring  this  entire  subject  to  a  more  definite 
conclusion  than  has  heretofore  been  secured.  The  data  accessible  iu 
the  publications  of  previous  papers,  such  as  van  Bebber's,  will  not  be 
referred  to  any  further,  since  our  effort  has  been  to  secure  new  evidence, 
especially  pertaining  to  the  United  States.  The  conclusions  reached 
have  been  based  upon  the  careful  discussion  of  a  large  mass  of  material, 
involving  slow  approximations  and  the  repeated  traversing  the  same 
data  several  times,  as  one  difficulty  after  the  other  was  cleared  away. 
Even  as  matters  now  stand,  it  will  require  further  consideration  of  the 
data  in  order  to  reach  a  perfect  exposition  of  the  several  parts  of  this 
complex  problem.  Having  developed  an  ephemeris  depending  upon 
the  periodic  variation  of  the  earth's  magnetic  field,  this  was  laid  at  the 
basis  of  further  progress  in  the  analysis,  the  object  being  simply  to 
discover  the  fundamental  normal  curve  representing  the  impressed 
solar  magnetic  field,  and  to  detect  the  occurrence  of  the  same  i)eriodic- 
ity  in  the  meteorological  changes  of  the  atmosphere,  if  such  actually 
exists.  The  ])rocess  of  computing  the  horizontal  component  <y,  described 
above  in  Chapter  2,  was  extended  to  five  European  stations,  for  the 
years  1878  to  1889  inclusive.  Since  the  ratio  of  the  component  <y  to 
the  total  force  s  is  for  these  stations  nearly  constant  on  the  average^ 
and  since  the  variations  of  H  and  D  are  more  accurately  measured 
than  those  of  V,  the  compilation  of  magnetic  data  was  limited  to  the 
component  ff.  In  Table  20  is  exhibited  as  specimens  for  two  years, 
1878  and  1882,  the  observed  mean  values  of  cr.  Each  entry  is  the 
mean  of  the  computed  a  at  Greenwich,  Vienna,  Prague,  Pawlowsk, 
Tiflis,  when  these  stations  were  available.  Thus  +  46  means  that 
+  0.000046  is  the  mean  a  for  January  8,  1878,  in  0.  G.  S.  units  for  five 
stations.  In  order  that  no  bias  might  attach  itself  to  the  first  derived 
form  of  the  normal  curve,  it  was  assumed  that,  if  certain  days  of 
the  period  possess  an  excess  of  force  over  others,  this  would  be  declared 
by  an  increase  of  the  absolute  numerical  values  on  such  days.    The 
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mean  of  these  tabular  quantities  was  therefore  taken  without  regard 
to  sign;  and  it  is  shown  on  the  line  marked  '^ mean,"  for  each  year. 
Afterwards  these  numbers  were  added  algebraically,  using  all  the  signs. 
Then  the  series  of  annual  means,  1878-1889,  was  collected  into  one 
table,  and  the  final  mean  taken  for  the  entire  interval.  These  numbers 
were  plotted  into  a  curve  of  relative  values,  and  it  gave  substantially 
the  form  presented  in  chapter  1,  chart  9,  which  is  the  normal  type 
finally  settled  upon,  except  that  the  minor  crest  at  day  8  was  lacking, 
and  the  double  crest  from  days  17  to  19  was  merged  into  one  sweep. 
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Table  20.^Fariaii<ms  of  ike  horisanial  farce  d,  for  1878  and  288t. 

lUnito  sixth  decimal  C.  6.  8.] 


1     ' 

1 

1 

2 

3 

4 

5 

t 

6 

7  i 

8 

9      1 

10     , 

1 

11 

12 

1 

13 

1878. 
Jan.     8. 50 

-1-46 

-r  36 

+  «! 

-78 

—  59 

-  64 

-46J 

—  83 

+  «5  1 

.56' 

1 

+  52 

^  89 

+  «7 

Feb.    4.18 

+  61 

+  42 

-61 

—  74 

-50 

-  27 

26, 

—  45 

-37  : 

+  54 

-r  85 

+  47 

-^   50 

Mar.    2.86 

+  39 

-1-  64 

^  59 

+  56 

+  71 

+  70 

+  46' 

+  41 

^  26 

—  5C 

+  76  . 

+  68 

-r  67  : 

Mar.  29. 54 

+  32 

+  36 

—  25 

+  45 

:+  88 

-  90 

—  26 

+  38 

+  26 

^  5^ 

+  69 

:    71 

4-  54  1 

Apr.  25.22 

-  71 

-  56 

+  73 

—  74 

-  36 

61 

+  55  ! 

—  60 

—  64 

+  43 

—  77 

+  66 

-r  90\ 

Mny  21.90 

—  45 

+  29 

+  51 

60 

j-56 

—  49 

+  39 

+  37 

+  63  . 

+  42 

+  89 

+  48 

+  «« 

June  17. 58 

-r  96 

^    90 

+  59 

+  77 

-^  84 

-68 

-79  , 

—  78 

—  98 

—  71 

+  83 

+120 

-+  72 

July  14.26 

—  74 

—  21 

.    36 

—  93 

i—  82 

-100 

-76! 

+  83 

+  53 

+  51 

—  42 

—  50 

+  74 

Aug.    9.94 
Sept.    5.62 

-116. 

-  52 

-48 

-35 

-47 

.    33 

—  37 

+  87 

+  49 

+  29 

+  77 

+  60 

+-  45 

—  03 

-  M 

—  59 

,-60 

.—  72 

-  78 

+  61 

+  48 

+  37 

—  89 

+  40 

+  84 

+  83 

Oct.     2. 30 

71 

—  56 

—  75 

-67 

+  82 

—  86 

-k-  62 

-  63 

+  44 

+  38 

r  27 

-,-  57  ■ 

—  31  . 

Oct.    28.98 

—  61 

T    45 

-\-  83 

,+  33 

1—106 

—109 

+  90 

-m 

-156 

-105 

-97 

-121 

99 

Not.  24.66 

+120 

+  86 

+  150 

+  169 

rl46 

+  111 

+115 

—119 

-102 

+  49 

+  67 

-  41 

—  09  1 

Dec.  21.32 

—  29 

n     41 

50 

+  49 

1+  52 

—  42 

4-  55 

+  60 

+  42 

+  58 

+  50 

—  96 

-77. 

+   84 

Mean 

65 

63 

68 

73 

72 

58 

63 

62 

52 

96 

67 

69 

D 

—218 

—125 

-207 

—117 

+  51 

—221 

+  60 

+  70 

+165 

+  80 

+213 

+372  J 

+151 ; 

I 

+  214 

+468 

+545 

+  22 

-131 

-248 

+168 

-304 

,-302 



+118 



+  90 



+  99  • 



-r41l 

1882. 
Jan.   14.90 

-  51 

—  44 

-  71 

+  31 

+  56 

-158 

—196 

—  82 

-59 

+  41 

—  78 

+  6l/ 

-r  85 

Feb.   10.58 

—  85 

—134 

+  67 

+  59 

-59 

+  45 

-61 

+  99 

.  —  64 

+  81 

—213 

-178 

135 

Mar.    9.26 

-188 

—166 

-104 

+  56 

+  77 

-  74 

t^  57 

—  89 

:  4-  88 

+102 

+  85 

-139  , 

—106 

Apr.    4.94 

+  48 

+  83 

-  46 

-    81 

+  92 

+  76 

nl46 

,184 

+196 

+279 

+120 

+  88 

+  156 

May.    1.62 

-  52 

-121 

M24 

^    76 

,-1-  58 

^  60 

+  80 

+  66 

i  +156 

-hl78 

+126 

+  71  1 

+  «2 

May.  28. 30 

-  92 

-  80 

V  69 

-  80 

+  79 

-73 

r  87 

^106 

.  +156 

fl50 

+118 

+141 

+  140 

June  23. 98 

-  79 

-166 

-314 

-160 

—182 

134 

-124 

—  90 

—  51 

+  86 

+  72 

+141 

+  42 

July  20.66 

71 

t  161 

^115 

,  il20 

^144 

^116 

—130 

—  85 

i-  86 

rl60 

+  119 

-217 

—233 

Ang.  16. 34 

^    74 

—  47 

r  69 

^  81 

-r  76 

^  87 

-  71 

—  66 

+121 

+  108 

+  68 

+  I?  ' 

—  83 

Sept.  12. 02 

4    73 

:    82 

-    71 

t^  82 

-  72 

-r   84 

,    81 

-t^l02 

+  70 

+  54 

+  67 

+  83 

+301 

Oct.     8. 70 

—100 

—  66 

-'34 

1-  56 

4-  54 

+  96 

t   80 

—  67 

+108 

+  112 

+106 

+130 

+169 

Nov.    4.38 

4-186 

^234 

tl95 

rl63 

w  147 

+106 

204 

+286 

86 

—356 

—136 

+147 

+151 

Dec.     1. 06 

-i-  98 

t    96 

rl5l 

4  114 

^  77 

+  118 

rl24 

H-141 

T^106 

+  116 

+120 

+  55 

-^  09 

Dec.  27.74 

4    64 

^    59 

\-  82 

-r  81 

^    82 

n-  47 

r  41 

+  66 

hlOO 

+  96 

—  84 

—  66 

—  64 

Mean 

90 

1     107 

103 

89 

90 

90 

106 

105 

,      101 

127 

108 

114 

131 

D 

!_213 

-316 

■r  70 

^445  t-358 

^130 

—  68 

—  87 

+329 

+594 

—  51 

—  81 

+  76 

I 

-^180 

^164 

1 

450 

-i-474 

1 

p415 

t 

+274 

+887 

+671 

+561 

+690 

+889 

+417  , 

I 

+897 

97 

Tablb.20.— Fartatiaiia  of  the  harisantal  farce  d,  for  1878  a/nd  1882, 

[Units  sixth  decimal,  C.  G.  S.] 


14 


15 


+  139 

H  51 

-  79 
+  66 
}-  55 

-  162 

-i-  -M 

+  17 

4-  i3 

+  67 

-  31 

-  95 
.  58 

+  68 


-f-  140 

+  4» 

—  77 
-{-  54 
-f  83 

—  198 
4-  52 
-I  28 
+  23 
4-  40 

—  11 

—  102 
h  29 

+  79 


70 

+  lis 

—    20 


-f     77 

+    71 
f  120 

—1044 

—  172 
+  144 
+    86 

—  118 
+    78 

-  211 
+  180 

-  248 
+    M 

—  42 


+ 


16         17 


+  51 
+  M 

—103 

+  74 


4- 


71 
98 

4-  39 
—  58 
4-  48 
4-  58 
4-  45 
—100 
4-  41 
4-  96 


69 
4-  106 

4     83 


4-    99 

{     61 

1+    90 

—  566 

—  157 
4-  173 
■I-    74 

—  56 
74 
56 

4-  144 
—1135 
4-  144 
+    49 


126 
4-  273 
-  464 


120 

4-  461 
—  322 


-197 
4- '69 
— 192 
4  ^ 
4-  56 

—  91 
4-  43 

—  41 
73 
60 
92 
89 
32 


4- 
4-101 


67 
+226 

—    7 


4-117 
4-  '^8 
4-  86 
—209 
—110 
4-103 
4-  63 

—  92 
+113 

—  72 
+  47 
-274 
—177 
+  47 


80 
+126 
—  31 


+  81 
+  93 
+124 
—378 
+  71 
+  63 
-137 
—265 
+160 
-  65 
+  87 
—964 
-76 
+  «8 


105 
+896 
-672 


127 
+54? 


18 


-  96 

+  28 
+  80 
+104 


93 
47 


+  49 

—  49 
+  60 
+  83 

-  87 
+  56 
+  45 
+  87 


68 
+150 
+841 


+113 
+  76 
+176 
—349 

—  89 
+143 

—  48 
—168 
+  126 

—  84 

—  98 
—660 

—  66 
-f  68 


124 
+806 


—829  —713 


19 


+ 
+ 

-f 


+ 
+ 


60 
48 
57 
56 
67 
81 
53 
37 
36 
99 
91 
85 
86 
97 


68 
—  98. 
+  646 


+  122 
+  89 
+  87 

—  236 

—  63 

—  172 

—  48 

—  148 
+  85 
+  78 

—  61 

—  282 

—  126 
+  49 


20    21 


22 


—  41 

—  97 
-f  47 

—  71 
—133 
+  87 
+  116 
V   75 

—  44 
+  58 

—  74 

—  63 

—  82 
+  90 


—  30 

—  94 
+  63 

—  86 
—112 


+ 
+ 


68 
72 


+  73 
—  44 


77 

65 

61 

—131 

3 

-_ 

1 

—    1 

— 

38 

— 

74 

—163 
+  69 
+  93 
—131 
f  92 
—146 
+  67 
—  96 
+  64 
+258 
+  69 
—141 
—267 
+  62 


111 
+  899 
—1028 


119 

+424 
—603 


+ 


89 
88 
69 
—  42 

4-  43 


51 
76 
53 
71 
99 
46 
50 
,+  48 
+  57 

—  68 
+  81 
+  63 

—  35 
1+  55 


'+ 


i+ 


+  98 
+106 
+168 
—188 
+  61 
-154 

—  62 
-80 
—180 
+235 

—  97 

—  76 
-345 
+  45 


124 
+865 
-698 


109 
-  69 
—671 


23 


+103 

'+  51 

+126 

+  64 

—  89 

—  53 

—  58 
—121 
+  49 
—400 

—  86 
—104 
—250 

—  62 


—  37 
—118 
+  40 

—  29 

—  66 
+  67 

—  26 

—  32 

—  37 
+  22 
-H  47 
+  40 
+  40 
+  115 


60 
+  3 
+  19 


+  83 

-f  47 
+160 
+  62 

—  63 

—  80 
+101 

—  50 
+  27 
—268 
+  60 
-142 
—101 
+  45 


24 


—  32 

—  48 

—  41 
-  47 

—  78 
+  83 

—  52 

—  47 

—  68 
+  27 
+  24 
-68 

f  61 
+182 


66 
64 
80 


91 
+172 
—273 


+  88 
—  26 
+164 
+  82 
+  52 
+126 
+  139 
+J12 
+  24 
—132 
+180 
—101 
—107 
+  65 


95 
+804 
+302 


25 


—  64 

—  29 

—  86 

—  42 

—  60 
+100 

—  44 

—  79 

—  58 

—  73 
+  65 
+  60 

—  45 
4103 


61 
—118 
—102 


—143 

—  32 
+146 
+  97 
+  69 
—148 
—100 
+106 
+  56 
—375 
+170 

—  90 

—  50 

—  82 


111 
—135 


26 


+ 


—  51 
+  83 
-f  88 

—  24 

—  49 
84 
31 

-113 
+  61 

—  57 
+  53 

—  42 

—  34 
+124 


63 

+  23 
+  59 


—173 
+  51 
+  172 
+104 
+  78 
—101 
{  92 
+  73 
+  56 
—180 
+244 
+104 
+  66 
—  61 


111 
+106 


—125  ,+419 


27 


+  48 

+'60* 
—  43 


+  111 

—  66 

\-   50 

-  89 


+  49 
-68 

-}-  66 


67 
—  32 
+209 


—  92 
+  26 


+  61 
+  78 


+  76 
4-  99 
+  64 

+214* 
+134 


+  89 


92 
+290 

+448 
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I 
I 
I 
D 
I 
I 
I 
I 
D 
D 
D 
I 
I 
I 
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D 
D 
D 
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I 
I 
I 
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I 
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Next  it  was  songbt  to  find  out  whetber  there  is  a  similar  carve  in 
the  several  meteorological  elements,  and  the  data  derived  from  the 
pressure  and  temperature  was  compiled  on  precisely  the  same  plan  for 
a  series  of  years ;  certain  rough  curves,  bearing  a  striking  resemblance 
to  the  type  curve,  emerged  as  the  result  of  almost  every  application  of 
the  ephemeris  to  the  data  of  meteorological  observations.  This  crude 
result  was  presented  in  a  paper  read  before  the  International  Meteoro- 
logical Congress,  Chicago,  August,  1893.  Experience  with  this  curve 
in  its  application  to  individual  periods  of  the  ephemeris,  gradually 
strengthened  the  conviction  that  the  tendency  to  recur  was  continuous, 
and  not  confined  merely  to  the  mean  value  of  a  long  tabulation,  as 
might  perhaps  have  been  objected  was  the  case.  The  pursuit  of  these 
individual  repetitions  of  the  type  curve,  amid  all  the  loosely  constructed 
irregularities  constituting  the  recorded  meteorological  changes,  has 
been  a  most  laborious  and  tantalizing  task,  and  yet  one  absolutely 
necessary  to  perform,  if  a  definite  result  is  demanded.  It  is  necessary 
here  to  omit  a  large  block  of  material  in  the  form  of  curves  which  rep- 
resent the  observations. 

One  fact  greatly  tends  to  obstruct  the  detection  of  the  normal  curve 
in  the  meteorological  field  of  middle  latitudes,  namely,  the  rapid  east- 
ward drift  of  the  atmosphere,  and  the  confused  circulation  attending 
the  passage  of  the  anticyclones  and  the  cyclones  over  the  United 
States.  In  order  to  study  the  eastward  movement  carefully,  and  to 
discover  the  regions  responding  most  sensitively  to  this  impressed  mag- 
netic impulse,  the  territory  of  the  United  States  east  of  the  Bocky 
Mountain  crest  was  divided  into  groups,  as  described  in  the  paper, 
"Inversion  of  temperatures  ^  (Amer.  Journ.  Sci.,  Dec.,  1894).  The  mean 
temperature  of  the  reporting  Weather  Bureau  stations,  at  the  8  a.  m. 
and  the  8  p.  m.  observations,  for  each  group,  was  plotted  on  a  scale  of 
1  cm.  per  day,  the  broken  line  joining  the  ordinates  representing  the 
actual.variation  of  the  mean  temperature  recorded  in  that  region.  Sim- 
ilarly the  pressures  were  reduced  to  a  representative  line.  The  diurnal 
variations,  the  rapid  changes  attending  the  passage  of  "highs"  and 
"lows,''  also  the  slower  changes  pertaii\ing  to  seasonal  conditions,  are 
thus  graphically  displayed  in  a  form  suitable  for  critical  examination. 
Beginning  with  the  extreme  northwest — ^thatis,  the  western  Canadian 
stations  north  of  Montana — the  dates  of  the  magnetic  ephemeris  were 
superposed  upon  the  common  calendar  dates  and  a  line  was  drawn 
through  the  successive  groups,  sloped  forward  just  enough  to  display 
the  average  advance  of  weather  conditions  to  the  east  and  south  in 
that  district,  so  that  the  individual  crest  of  temperature  or  pressure 
continues  at  the  same  distance  from  this  initial  line.  Thus  the  periods 
of  the  ephemeris  may  be  applied  to  any  district  of  the  United  States, 
and  they  will  be  correct  to  the  degree  in  which  the  conditions  propa- 
gated eastward  represent  the  original  form  of  the  curve  in  the  north- 
west.   It  was  found  by  matching  the  normal  curve  with  these  graphic 
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lines  that  there  is  a  definite  recurrence  m  the  meteorological  changes. 
The  long  sweep  of  the  curve,  as  well  as  the  minor  crests,  greatly 
assisted  the  matching  of  the  carves.  It  was  perceived  that  the  sac- 
cession  of  changes  on  the  eastern  slope  of  the  moantains,  to  the  north 
of  Montana,  lying  under  the  auroral  belt,  was  approximately  of  the 
same  type  as  the  normal  curve,  in  spite  of  many  irregularities.  This 
is  also  true  of  the  Dakotas,  allowing  one  day  to  elapse  on  the  ephemeris. 
Such  comparison  of  the  conditions  of  the  weather  maps  with  the  type 
curve  has  been  practised  with  persistency  from  day  to  day  for  several 
years,  and  the  agreement  seems  to  continue  as  regularly  now  as  when 
this  work  began.  We  have  five  or  six  complete  rolls  of  these  tempera- 
ture and  pressure  changes,  each  roll  covering  one  year. 

THB  PHENOMENON  OP  INVEESION  OP  THE  NOBMAL  OUEVE. 

Unfortunately  for  Ihe  rapid  progress  of  the  investigation,  the  conclu- 
sion gradually  shaped  itself  that  the  normal  curve  had  a  tendency  to 
invert  on  its  long  axis  during  certain  periods.  An  intercomparison  of 
the  periods  presented  such  evidence  that  it  was  not  possible  to  put  this 
idea  aside.  The  sequence  of  the  inversion  was  at  first  apparently  law- 
less, so  that  no  cause  or  reason  for  it  could  be  readily  assigned.  The 
detection  of  the  law  of  inversion  has,  however,  served  to  place  the 
entire  subject  of  direct  solar  magnetic  action  in  a  new  aspect,  and 
greatly  adds  to  the  probability  of  the  truth  of  that  theory.  The  loose- 
ness of  the  individual  curves  relatively  to  the  normal  form  is  evidently 
due  to  the  feeble  impressed  magnetic  force  operating  on  the  atmosphere; 
to  the  fact  that  the  convectional  circulation  overpowers  the  magnetic 
impulse  at  times;  and  to  the  wide  and  unsteady  deviation  of  the  solar 
output  itself  firom  its  mean  normal  type..  If  a  perfect  match  between 
the  normal  and  the  observed  curves  is  demanded,  it  can  be  procured 
only  by  the  existence  of  perfect  conformity  on  the  part  of  the  sun  to 
the  normal  type  in  each  period,  and  also  on  the  condition  that  thh  mag- 
netic  force  is  alone  responsible  for  the  observed  meteorological  impulsesj 
which  of  course  is  not  the  case,  because  this  would  be  equivsJent  to 
annihilating  the  efTect  of  the  temperature  gradient  between  the  equator 
and  the  poles.  All  that  we  claim  exists  is,  an  impulse  derived  from 
the  magnetic  field,  which  tends  to  make  the  convectional  system  of 
atmospheric  currents  culminate  in  <<  highs"  and  ^^lows,''  respectively,  on 
the  dates  of  the  excess  or  defect  of  the  solar  magnetic  force  by  means  of 
the  well-known  law  of  physics,  that  cooling  the  medium  containing  mag-, 
netic  force  increases  its  strength,  and  its  converse,  that  an  increase  of 
magnetic  force  cools  the  medium.  The  cooling  of  the  air  in  a  stronger 
magnetic  field  tends  to  precipitate  ^^ highs"  on  the  northwest  of  the 
American  continent,  in  conjunction  with  the  mean  trend  of  the  seasonal 
isobars.  The  relaxing  of  this  tendency  in  a  weaker  magnetic  field 
allows  the  "lows"  from  the  North  Pacific  to  work  in  upon  the  continent 
or  else  to  form  along  the  eastern  edge  of  the  mountain  divide,  as  has 
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been  shown  to  be  the  case  in  the  local  origination  of  two-thirds  of  the 
United  States  storms.  (Bulletin  'No.  21,  Storms  and  Storm  Tracks.) 
This  view  calls  for  no  unusual  physical  conditions,  and  it  is  believed 
to  represent  simply  the  facts  observed  in  connection  with  the  formation 
of  the  current  American  weather. 

DI&COVEBY  OF  THE  LAW  OF  INVBBSION. 

A  process  will  now  be  briefly  summarized  that  has  cost  much  time 
and  labor  in  the  effort  to  discover  the  law  of  the  inversion  of  the 
normal-type  curve,  leaving  the  explanation  of  the  reason  of  the  same 
for  the  following  chapter.  In  the  Table  21  of  direct  and  inverse  tyx>e8 
appear  four  systems,  marked  T,  M  T,  M  P  T,  and  M,  respectively.  M 
stands  for  European  magnetic  horizontal  component  <Tj  P  for  barometric 
pressure  in  the  northwest  of  the  United  States,  T  for  temperature  in  the 
same  districts.  M  is  the  mean  value  of  5  stations,  P  of  10  stations, 
and  T  of  10  stations  usually,  the  latter  being  generally  the  Dakota  or 
Upper  Missouri  Valley  stations.  In  the  case  of  the  magnetic  system, 
preceding  1878  the  horizontal  force  alone  was  employed — that  is,  with- 
out composition  with  the  declination.  Several  stations,  when  avail- 
able, were  taken  simultaneously  and  in  widely  separated  latitudes,  as 
Toronto,  Greenwich,  St.  Helena,  Singapore,  Cape  of  Good  Hope,  and 
Hobarton.  The  values,  derived  directly  from  the  published  reports  of 
magnetic  observations  in  mean  groups,  or  singly  for  the  earlier  years, 
were  transferred  to  form  graphic  traces,  distributed  in  the  periods  of  the 
26.68-day  ephemeris.  For  an  example,  the  periods  beginning  August 
3.58, 1845,  and  November  18.30, 1845,  are  shown  on  charts  17, 18.  The 
curves  are  made  by  extracting  the  values  from  the  volumes  whose 
pages  are  indicated  just  beneath  the  names  of  the  stations,  and  are 
plotted  on  such  a  scale  as  will  reduce  them  to  the  same  amplitude,  the 
scale  being  placed  at  the  beginning  of  each  curve.  Underneath  the 
group  is  found  the  type  curve  from  chart  9.  Now,  two  facts  are  readily 
seen — that  all  these  curves  rise  and  fall  together,  and  that  therefore 
the  horizontal  force  increases  and  diminishes  simultaneously  over  the 
entire  earth,  which  really  proves  the  existence  of  an  external  magnetic 
field  in  composition  with  the  normal  terrestrial  field.  The  other  fact  is 
that  the  first  period  apparently  agrees  with  the  direct  type  and  the 
second  with  the  inverse  type  of  the  normal  periodic  curve. 

Chabt  17.^ Variation  of  the  hoxitontal  force.  Period  beginniiig  Auguat  3.&8, 1845.  niaatratea  a 
direct  tyi>e  period. 

Chabt  18.— Variation  of  the  horizontal  force.  Period  beginning  November  18.30, 1845.  lUoatratea 
an  iAverae  type  period. 
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Tablr  21. — Direct  and  inverse  ijfpee,  found  hy  trials. 


T.  SYSTEM. 


Periods. 

1 

2      8      4 

5      6      7 

8     9    10    11 

12    13    14 

1878 

1879 

1880 

1881 

1882 

1883 

1884 

1886 

1886 

1887 

1888 

1889 

1890 

D 

D 
I 
D 
D 
D 
D 
D 
D 

III 
I     D     I 
D     D     I 
D     I     I 
D     D    D 
D     D    D 
D     D    D 
D     D    D 
DID 
I     D     I 
III 
D     I     I 
I     D    D 

I     D    D 
I      I     D 
III 
I      I     D 
D     I     I 
D     I     I 
D     I     I 
D     I     I 
DID 
I      I    D 
III 
D    D     D 
III 

I    D   D  D 
D   D   D  D 
I    I    D  D 
D   D    I    I 
I    I     I    I 
I    I    D    I 
I    I    D   D 
I    I     I     I 
D    D    D  D 
I    I    D  D 
D   D    D  D 
D   D   D    I 
I    D   D  D 

I     D     D 
D     D    D 
D     I 
I     D     I 
I      I     D 
I      I 
D     D     I 
D     D     I 
I      I 
D     D     I 
D     D     I 
I      I 
I     D     I 

7 

8     8      6 

6      2      6 

5     7    10    8 

6      8      4 

M.  T.  SYSTEM. 


1878 

1879 

1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

D 

I 
D 
D 
I 
I 
I 
D 
D 
I 
D 
D 
I 
I 

I      I     D 
I     D     D 
D     I     I 
I      I     D 
D     I     1 
I      I     D 
D    D     D 
D    D     D 
DID 
I     D     I 
D     I      I 
D     I      I 
III 

DID 
III 
D     I      I 
D     D    D 
I      I     D 
III 
D     I      I 
I      I     D 
III 
I     D    D 
I      I     D 
I      I     D 
I     D     I 

I    D    I     I 
D  D   D   D 
I    I    D    I 
I   D    I     I 
I   D   D    D 
I    I    D    I 
I    I    I     I 
D   I    D    D 
I   D    D    D 
I   D    I    D 
I    I    D    D 
D  D   D   D 
I   D   D    I 

D     D     D 
D     D     D 
D     I 
III 
I     D    D 
I      I 
I     D     I 
III 
D     I 
DID 
D     1      I 

I      I 
D     I      I 

6 

7      4      7 

4      3      7 

3    8     9     7          7      4      6 

M.  P.  T.  SYSTEM. 


1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 

D 


I 

I 

D 

I 

D 

D 

D 

D 

D 

I 

D 

I 

I 

I 

I 

D 


8 


I  I     D 

I  D     D 

D  I      I 

D  D     D 

D  D 

D  D 

D  D 

D  D 

D  I 

I  I 

D  I 

D  D 

D  I 

I  D 


I 
I 
D 
D 
D 
I 
I 
D 
I 
I 


D    D    D 
D     D     I 


12    10     8 


I 
I 
D 
D 
I 
I 
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I 
I 
I 
I 
I 
I 
D 
I 
I 


I 

I 
I 
D 
I 
I 
I 
I 
I 
D 
I 


I 

D 

I 

D 

I 

D 

I 

I 

I 

D 

D 


D  D 

I  I 

I  I 

I  1 

D  D 


I  D 
D  D 
I    I 


I 
I 
D 

I 
I 


D 
D 
D 
I 
I 


D  D 

D  D 

D  I 

I  I 

D  D 

D  I 

I  I 


D  D 

I  I 

D  I 

D  D 

I  D 

D  I 

D  D 

D  I 


D 
D 
I 


D 
D 
D 


D  D 

D  I 

D  D 

I  I 

I  I 

I  I 


I 
I 
D 

I 
I 
I 
I 
D 
D 


I 
I 
I 
I 
I 
I 
D 
I 
I 


D  D 

D  D 

I  I 

I  D 

I  I 

I  I 

D  D 


I 
D 

I 
D 

I 

I 

I 
I 

I 
D 

I 


8     U    10    8 


6      5 
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Table  21. — Direot  and  moerse  iffpe*,  found  Jy  triah — Continned. 

M.  SYSTEM. 


Periods. 


1841 
1842 
1843 
1844 
1845 
1840 
1847 
1848 
1849 
1850 
1851 
1852 
1858 
1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1802 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871. 
1872 
1873 
1874 
1875 
1876, 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 

D 
25... 


I 

I 

I 

I 

1) 

I 

I 

I 

I 

I 

I 

I 

D 

D 

D 

I 

I 

I 

I 

I 

D 

I 

I 

I 

I 

I 

I 

I 

D 

I 

I 

D 

D 

3 

D 

I 

I 

I 

I 

D 

I 

D 

D 

D 

D 

D 

I 

D 

I 

1 

I 

I 

D 

I 

17 

-  8 


3 


D  1)  D 
D  D  D 
I     D    D 


D 
D 
D 


I) 
D 


D 
D 


I  I 
D  D 
I  D 
D  D  D 
I  D  I 
I  D 
D  J>  I 
D  D  D 
I  D  D 
D  D  D 
D  J)  P 
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In  an  entirely  similar  manner  the  comparison  has  been  made  through- 
oat  this  portion  of  the  work,  whose  resalt  is  tabulated  under  the  sev- 
eral systems  now  being  described.  Likewise,  for  the  years  187S-1890, 
inclusive,  the  temperature  curves  were  constructed  for  the  Dakotas 
giving  the  T  system;  for  1878-1890  these  same  temperature  curves, 
together  with  the  European  magnetic  curve,  were  plotted  in  juxtapo- 
sition and  taken  as  a  pair  in  each  period,  producing  the  M  T  system ; 
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for  1878-1893  the  EoFopeao  magnetic  cnrye,  and  the  pressures  and 
temperatures  of  the  northwest,  were  also  plotted  in  groups  of  three 
for  each  period,  placed  directly  together  so  that  the  data  of  the  same 
date  fell  on  one  vertical  line,  counting  the  Dakota  data  as  one  day 
elapsed,  and  they  gaye  the  system  M.  P.  T. ;  finally,  for  1841-1877,  the 
magnetic  curves  from  several  parts  of  the  world  were  collected  in 
periods,  the  stations  being  placed  to  show  synchronous  action  (Charts 
17  and  18) ;  for  1878-1894  the  M.  P.  T.  system  was  repeated  in  the  M. 
table.  It  m^y  be  remarked  in  passing  that  these  mean  daily  values  of 
magnetic  force  indicate  no  eastward  drift  in  longitude,  such  as  B.  Stew- 
art supposed  to  exist  in  ^^  magnetic  weather,"  because  these  values  are 
means  for  twenty -four  hours.  Such  a  superposition  of  material,  gath- 
ered from  all  portions  of  the  earth,  if  it  should  display  any  sympa- 
thetic and  harmonious  variations,  indicates  evidently  some  cosmical 
origin,  and  excludes  as  the  primary  causes  any  form  of  merely  local 
changes.  Having  such  general  simultaneous  disturbances,  if  any  one 
attributes  them  to  electrical  or  meteorological  currents,  then  these 
must  be  shown  to  have  a  source  eapable  of  sustaining  the  observed 
effects.  Variation  of  strength  of  an  external  magnetic  field,  in  which 
the  earth  is  immersed,  will  produce  general  disturbances  of  the  entire 
terrestrial  magnetic  system,  but  that  such  states  of  the  atmosphere  as 
are  known  to  meteorologists  should  by  a  counter  process  affect  at  once 
the  entire  system  of  atmospheric  circulation  in  both  hemispheres  is  not 
at  all  probable.  It  must  be  remembered  that  we  are  now  dealing  exclu- 
sively with  mean  values  of  twenty-four  hours,  and  that  diurnal  changes 
are  outside  of  our  consideration.  Hence  if  the  electro-magnetic  field 
does  not  change  in  intensity  from  day  to  day,  appreciable  variations 
in  solar  insolation  having  never  been  observed,  or  if  the  meteoro- 
logical system  taken  as  a  whole  is  not  self*active,  that  is,  is  not  a 
primary  source  of  energy,  the  only  alternative  in  the  argument  is  the 
variability  of  the  polar  magnetic  field  of  the  sun.  We  have  shown 
that  this  is  variable  not  only  from  meridian  to  meridian  on  the  sun, 
but  also  that  aperiodic  impulses  traverse  the  cosmical  magnetic  field  in 
small  and  large  disturbances,  and  it  may  be  with  minute  wave-like  pul- 
ations  superposed  upon  the  normal  field  of  force.  Ebert  sums  up  the 
well-known  facts  derived  from  the  terrestrial  observations  as  follows 
(Mag.  Erafb.,  p.  52) : 

The  movement  of  the  linee  hag  fhrthennoTe  a  yearly  period,  which  expresses 
itself  in  this  way,  that  the  declination  needle  in  both  hemispheres  points  more 
easterly  by  some  fractions  of  a  minute  of  are  when  the  son  is  north  of  the  equator, 
that  is,  in  our  summer,  and  again  more  westerly  when  the  sun  is  in  the  southern  hem- 
isphere during  our  winter.  Likewise  the  inclination  needle  in  both  hemispheres 
shows  an  increase  in  the  inclination  in  the  season  December,  January,  and  a  decrease 
of  the  same  during  July,  August.  In  our  winter,  October  to  March,  the  intensity  is 
greater  in  all  parts  of  the  earth  than  in  the  remainder  of  the  year. 

These  changes  are  easily  explained  by  the  fact  that  in  the  approach  of 
the  earth  to  the  sun  in  our  winter  it  must  pass  into  stronger  parts  of  the 
magnetic  field  of  the  sun,  and  thus  cause  an  increase  of  intensity  of  the 
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earth's  force  and  an  increase  of  inclination  simultaneously  all  over 
the  earth,  on  the  principles  already  described. 

There  is  one  important  argument  to  guard  against.  It  may  be  said 
that  the  meteorological  temperature  changes  precede  and  affect  propor- 
tionally the  obsei*ved  strength  of  the  magnetic  field;  but  it  will  be  con- 
ceded that  the  direct  comparison  of  Eurox>ean  magnetic  data  with  the 
American  meteorological  system  excludes  this  supposition,  especially 
in  view  of  the  fact  that  no  series  of  magnetic  observations  has  ever  been 
made  in  the  northwest  of  the  United  States.  Furthermore,  magnetic 
observations  are  always  conducted  in  rooms  fi*om  which  even  the  local 
temperature  variations  are  practically  excluded.  On  the  other  hand, 
this  research  has  been  greatly  impeded  by  the  total  lack  of  a  suitable 
series  of  magnetic  observations  in  the  Eocky  Mountain  districts;  that 
is,  one  comprising  several  stations  maintained  continuously  for  a  number 
of  years.  Toronto  has  a  splendid  series  of  observations,  covering  many 
years,  which  ought  to  be  published ;  Washington  has  published  a  short 
series  of  three  years;  Los  Angeles  a  ten-year  series,  but  not  for  the 
same  interval  as  Washington;  San  Antonio  is  not  yet  published.  The 
Weather  Bureau  has  enjoyed  complete  access  to  all  these  records,  but 
they  ate  not  sufficient  for  the  proper  study  of  the  problem  now  before 
us,  chiefly  because  the  observations  are  not  simultaneous.  An  earnest 
hope  is  expressed  that  the  United  States  may  soon  begin  to  make  sys- 
tematic observations,  of  equal  value  with  those  now  going  on  under 
the  European  Governments.  The  available  ground  of  comparison 
between  the  European  magnetic  and  the  American  meteorological  sys- 
tems lies  in  the  fact  that  the  magnetic  variations  in  Europe  are  propor- 
tional to  the  external  field  just  outside  the  earth,  which  is  impressed  at 
the  same  time  upon  both  hemispheres.  The  local  peculiarities  of  any 
region,  as  the  extreme  northwest  of  the  United  States,  can  not,  how- 
ever, be  carefully  studied.  This  has  constituted  a  barrier  against  the 
prosecution  of  this  work  to  its  completion,  especially  in  its  application 
to  the  problem  of  forecasting. 

There  are  other  remarks  required  concerning  the  comparison  of  the 
type  carve  with  the  individual  periods  to  determine  whether  a  given 
period  is  direct,  D,  or  inverted,  I.  These  two  differ  only  in  turning 
the  same  curve  over  on  the  long  axis,  the  types  being  those  given  in 
Chapter  I,  Chart  9.  (1)  The  distortions  of  successive  periods  are  very 
great  as  compared  with  one  another,  arising  from  several  interacting 
systems  of  forces.  We  are  attempting  to  detect  a  delicate  action,  well- 
nigh  buried  among  the  other  operations  within  the  atmosphere.  The 
work  has  been  unusually  difficult  in  many  ways,  especially  in  conse- 
quence of  the  fact  that  the  periods  can  not  always  decisively  be 
assigned  to  either  type.  (2)  It  was  soon  perceived  that  these  irregu- 
larities are  so  great  as  to  render  it  necessary  to  employ  a  large  mass  of 
material  in  order  to  extract  a  general  law,  and  for  this  purpose  fifty 
years  of  magnetic  data  are  included.  (3)  It  might  be  supposed  that 
the  grand  sweep  of  the  curve  could  be  best  depended  upon  to  detect 
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the  type,  bat  on  the  whole  it  has  been  found  that  the  seqaence  of  the 
minor  crests  is  more  reliable,  though  both  features  are  always  consid- 
ered together  in  an  assignment  of  type.  (4)  This  comparison  of  curves 
should  always  be  done  so  as  not  to  carry  any  preconceived  impression 
of  the  probable  *type  along  from  period  to  period,  and  therefore  skip- 
ping about  at  random  among  the  periods  was  the  usual  course  followed. 
(5)  An  intercomparison  of  the  four  derived  systems  of  types  shows 
that  about  70  per  ceut  of  the  periods  had  a  similar  assignment,  indi- 
cating that  there  is  a  decided  probability  in  favor  of  a  real  inversion  of 
the  type  curve.  The  systems  herewith  presented  are  merely  the  scaf- 
folding of  our  investigation,  and  will  be  finally  replaced  by  the  gen- 
eral law  of  reversal  which  has  emerged  into  view.  It  may  be  stated 
that  I  did  not.  suspect  what  the  law  of  the  direct  and  inverse  types 
was  till  I  had  finished  the  trial  systems,  and  then  discerned  that  the 
same  law  was  to  be  found  in  each  of  them. 

Eeferring  to  the  D  I  Table  21,  it  is  pointed  out  that  each  year  was 
divided  into  the  thirteen  or  fourteen  periods  given  by  the  ephemeris; 
that  a  D  or  an  I  is  inserted  to  indicate  the  probable  conformity  of  the 
type  curve  to  the  curve  derived  from  the  observations  in  the  direct  or 
the  inverse  position  during  each  period.  Of  course  a  transition  may 
have  occurred  from  one  type  to  the  other  during  a  period,  but  the  type 
covering  the  majority  of  days  is  entered.  By.  using  the  four  different 
systems  of  curves,  extending  over  many  years,  an  opportunity  was  pre- 
sented for  deriving  contradictory  results  if  the  apparent  conformity 
was  really  accidental;  but  the  four  results  obtained  having  the  same 
general  conclusion,  must  be  accepted  as  evidence  that  the  observations 
lead  to  a  single  simple  fundamental  law.  By  carrying  the  work  back 
over  fifty  years  the  ephemeris  is  sharply  checked,  because  a  small  error 
in  the  period  would  throw  the  crests  athwart  the  hollows  of  such  a  rap- 
idly flactuating  curve  within  a  few  years;  yet  no  sliding,  even  to  the 
amount  of  one-tenth  of  a  day,  is  believed  to  exist  as  far  back  as  1841. 
Every  ten  years  of  the  system  will  give  substantially  the  same  law  of 
relative  frequency,  which  is  a  maximum  of  the  D  type  during  the  2, 3, 
4  and  the  8,  9,  10,  11  periods,  and  a  maximum  of  the  I  type  in  the 
5,  6,  7  and  the  12, 13, 14, 1  periods.  Near  the  middle  of  these  groups 
the  prevailing  type  is  more  firmly  brought  out  than  at  the  transition 
periods,  where  the  neutral  positions  are  occupied  and  a  general  uncer- 
tainty in  the  type  to  be  assigned  is  likely  to  occur. 

In  Chart  19,  with  heading  "  Semiannual  period  of  the  direct  type,^ 
the  relations  of  the  planes  of  the  ecliptic,  the  sun's  equator,  the  earth's 
equator,  as  projected  in  June  on  a  plane  perpendicular  to  the  radius 
from  the  earth  to  the  sun,  is  shown;  also  a  curve  of  the  relative  fre- 
quency of  the  direct  type.  The  frequency  of  the  inverse  type  is  found 
by  turning  this  curve  over  on  the  long  axis.  The  dates  at  the  top  of 
the  diagram  are  the  mean  dates  of  the  beginning  of  the  ephemeris  for 
the  same  period  during  the  years  1841-1894,  and  therefore  identify 
average  points  of  occurrence  on  the  D  curve.    The  dates  of  transition 
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are  such  that  the  D  type  teods  to  pieyail  from  aboat  February  1  to 
April  20  aad  July  15  to  October  15,  while  the  inverse  type  holds  for  the 
intervals  April  20  to  Jaly  15  and  October  15  to  February  1.  The  tend* 
ency  to  form  these  tyi>es  yigoroosly  increases  according  to  the  relative 
height  of  the  ordinates,  and  passes  through  places  of  indifference  when 
the  curve  crosses  the  ecliptic.  There  is  a  force,  therefore,  striving  to 
order  the  succession  of  maxima  and  minima,  as  found  in  the  normal 
solar  magnetic  curve,  in  this  proportion.  At  certain  seasons  of  the 
year  this  succession  is  completely  inverted  relatively  to  other  seasons. 
Since  this  normal  curve  is  shown  to  be  common  to  the  magnetic  and 
meteorological  phenomena,  it  follows  that  such  a  force  can  properly 
have  its  seat  only  in  a  body  outside  the  earth. 
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Chabt  10.:— Sflmiaannal  l^riod  of  tike  dlnet  type. 

In  order  to  see  what  relation  this  curve  has  to  the  astronomical  tri- 
angle formed  by  the  poles  of  the  ecliptic  K,  sun's  equator  S,  and  earth's 
equator  E,  all  four  curves  are  projected  on  the  plane  of  the  ecliptic, 
with  axis  of  the  ecliptic  passing  through  the  center  of  the  sun.  Chart 
20.  It  is  perceived  that  the  line  of  nodes  peri)endicular  to  K.  S.,  is  also 
the  axis  of  the  curve  of  the  inverse  type,  and  that  K.  S.  is  itself  the 
axis  of  the  curve  of  the  direct  type,  the  latter  being  omitted  from  the 
diagram.  We  conclude  that  such  an  outcome  is  not  accidental,  but 
has  a  cause  in  its  relation  to  the  axis  of  the  sun,  as  defining  the  source 
producing  the  normal  curve  itself,  and  the  phenomenon  of  inversion  of 
the  types.  It  would  lead  us  too  far  from  the  immediate  purpose  of  this 
chapter  to  give  the  solution  of  that  point  now,  and  it  will  therefore  be 
reserved  for  another  page.    The  analysis  of  a  magnetic  field,  it  may  be 
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said  in  pasaing,  emanatiug  from  a  magnet  placed  with  ^its  axis  on  the 
average  coincident  with  the  axis  of  rotation  of  the  son,  if  its  field  by 
direct  static  action  extends  beyond  the  earth,  shonld  produce  upon  the 
earth's  field  exactly  the  phenomena  described  above.    If  this  is  so,  then 


Chabt  90.— Semiannual  period  of  the  inverse  type,  pn](}eoted  upon  the  ediptic. 


the  theory  of  direct  action  of  the  snn  as  a  magnet  on  the  earth  as  a 
magnet  will  need  no  farther  defense.  Whatever  trnth  the  theory  of 
electric  currents  in  the  upper  air  may  i>ossess,  whatever  the  final  solu- 
tion of  the  problem  of  radiation  may  be,  the  theory  of  direct  action 
will  merit  respectful  consideration  among  the  premises. 
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SYNCHRONISM  OF  THE  MAGNETIC  AND  THE  METEOROLOGICAL 

ELEMENTS  IN  THE  26.68  DAY  PERIOD. 

We  will  now  return  to  the  immediate  subject  of  finding  the  normal 
curve  of  solar  action  and  of  discussing  synchronous  variations  of  the 
magnetic  and  meteorological  systems  with  which  we  began  this  chap- 
ter. The  subdivision  of  the  periods  into  two  groups  is  now  simply  per- 
formed. As  an  example,  part  of  the  tabulations  of  the  MPT  system 
are  reproduced  (Table  22, 23).  All  the  D  periods  and  all  the  I  periods 
in  1878  and  1882,  respectively,  are  added  together,  and  the  algebraic 
sums  placed  at  the  bottom  of  the  tables.  It  may  be  remarked  that  this 
is  numerically  a  wasteful  process,  so  far  as  obtaining  large  surviving 
residuals  is  concerned,  because  of  the  very  loose  formations  of  indi- 
vidual periods  relatively  to  any  normal  type.  There  seems  to  be  no 
way  to  separate  immediately  the  normal  curve,  and  it  can  in  a  prelimi- 
nary investigation  be  obtained  only  by  survival  in  a  long  series  of 
observations.  Tables  20,  22,  23  are  constructed  in  precisely  the  same 
way  for  the  European  magnetic  force,  the  northwest  pressures  and 
temperatures.  On  Tables  24,  25,  26  the  annual  results  are  collected 
together  for  the  years  1878-1893,  keeping  the  D  and  I  groups  by  them- 
selves. The  sums  are  then  taken  for  the  given  interval.  In  case  no 
periodic  impulse  is  embedded  in  the  observations,  if  the  period  is  not 
correct,  if  inversion  of  type  is  not  a  fact,  then  in  so  long  a  series  of 
variations,  if  they  are  purely  accidental,  the  algebra  sums  should  be 
about  zero.  But  by  comparing  the  final  D  and  I  sums  it  is  seen  that 
they  tend  to  accumulate  in  large  plus  values  on  certain  days  of  the 
period,  and  in  large  minus  values  on  others;  also  that  this  tendency  is 
opposite  on  the  same  days  in  the  D  and  I  groups.  This  is  true  of  each 
of  the  three  elements  compared.  The  rapid  succession  of  maxima  and 
minima  points  on  the  resulting  curve  constitutes  the  chief  difOiculty  in 
detecting  it  in  every  individual  period,  especially  considering  the  rela- 
tively feeble  action  of  the  sun's  magnetic  field  upon  the  convectional 
movements  of  the  atmosphere. 
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Table  22. — VariaUons  of  the  northwest  pressures  far  1878  and  1882. 

[Unita  second  decimal,  inches.] 


1878. 
Jan.  8. 60 
Feb.  4. 18 
Mar.  2. 86 
Mar.  20.54 
Apr.  25.22 
May  21.90 
June  17.68 
July  14.26 
Auk.  9-94 
Sept.  5.62 
Oct.  2. 30 
Oct.  28.98 
Nov.  24.66 
Deo.   21.34 

Mean 

D 

I 

1882. 
Jan.  14.90 
Feb.  10.58 
Mar.  9.26 
Apr.  4. 94 
May  1.62 
May  28.30 
June  23. 98 
July  20.66 
Aup.  16.34 
Sepi  12. 02 
Oct.  8. 70 
Nov.  4.38 
Dec.  1.06 
Dec.  27.74 

Mean 

D 

I 


-f 


34 
43 
12 


-f  14 
+    4 

—  0 

—  10 

—  21 
6 
5 

10 
20 

+  17 

—  7 


+ 


16 
+  44 
—111 


21 
21 
36 
13 
16 


+  4 
—39 

—  1 
+36 
+  8 
—39 

-  7 
—11 
+  15 
+  3 
+23 
+  17 
—18 
-8 

16 
+76 
—94 

+  31 
-32 

+  «> 
—24 
-10 


—32 
—15 
—35 

+44 
f  5 
—11 
+  5 
—  3 

+  1 
—11 
+23 

+29 
—17 

+41 


—  6 

—  7 
-23. 
+27 
-13 
+  1 
+  9 
—10 

—  8 
+  7 
—16 
—23 
—20 
+  13 


19  13 
+57  I  +10 
—33     —70 


+23 
+  7 
—13 
+29 
—16 
+  2 
+  1 
+  6 
-15 
+  33 
+  2 
+34 
+  10 
—  6 


13 
+39 
+48 


+ 
f 

+ 


1 

—  7 

12 

+  1 

20 

+  12 

3 

—  7 

11 

+  3 

2 

+  14 

16 

—12 

43 

—  3 

18 

+  1 

17 

12 

6 

+  1» 

5 

—43 

+13 
+  9 
0 
—20 
—10 
+  9 
+  8 
+  4 
+  4 
—  6 
—40 
—11 
—11 
J-22 

13 
+  2 
—40 


._  I 
0 
+  6 
—27 
—16 

—  4 

—  1 

—  7 

—  4 
-21 
-47 

+11 

—  3 
J-30 

13 
—37 

—47 


—  6 
—11 
—21 
—14 

—  1 
—11 

—  5 
—17 

—  0 
—21 
—15 
—7 
+16 

_+" 

12 

—66 

—39 


+13 
+  19 
-53 

+  14 
—12 

+  6 

+11 
+  15 

+12 
+47 
—15 
+25 
+20 
+  7 


+  8 

—  9 
—41 
+12 
—34 
+  9 

—  2 
+26 
+  15 
+25 
+  14 
+26 

—  2 

—  3 


19 

+58 
+50 

-20 
+  2 
+  15 
+  8 
—16 

+  15 
—19 

—  1 

—  3 
—20 
—26 
-39 
+51 

—  6 

17 

—58 

0 


16 

+66 
—23 


+12 
+37 

+  « 

—  1 
-44 
+21 
-16 

—  1 

—  0 
+  9 
-32 
—21 
+  8 
+  14 


17 

+37 
—54 


—  7 
—13 
—33 
+  8 

—  8 
4-  4 

—  2 
+22 

—  9 
+  3 
—39 
—19 
-24 
—16 


15 
—87 
—96 


—15 

—  4 

—33 

—  4 

—  6 
+  5 
+  8 
+  14 

—  5 
+  2 
+  8 
—10 
-43 
—12 


10 


12 

+  1 
—96 


+44 

—  9 
—41 
+20 
—35 
+31 

+  1 

—  3 
—10 
+28 

—  3 
+  6 
-^2 

—  3 


I 


10 
+  6 
—12 


+28 
+30 

-  8 
+30 
—19 
+22 
+  5 

0 
—18 
+21 

0 
+  5 

—  2 

1. 1 
14 
+56 

+41 


—12 
—16 

—  1 
—39 
—24 

—  2 
+  1 
+  3 
+  1 
+  2 
—12 
+36 

—  7 

—  8 


12 
—48 
-31 


—  9 

—  1 

—  3 
+33 
+  2 

—  5 
+  4 

—  3 
—15 
+21 
+29 
+  6 
—21 
—29 


13 

—  7 
+  16 


11 

12 

8 

—  6 

+  3 

0 

8 

+20 

-51 

—  7 

—42 

12 

—  2 

—16 

—10 

-23 

—17 

—  6 

—12 

—13 

+  5 

+  2 

—27 

—26 

+88 

+  1 

+  1 

+11 

+  12 

+33 

16 

13 

-85 

—44 

-28 

+  3 

—44 

—15 

—  1 

+22 

—22 

+  16 

+14 

0 

+  17 

+  19 

—  8 

-17 

+20 

+  1 

—  8 

0 

—19 

—19 

+1« 

+  3 

+16 

+17 

—16 

+  11 

21 

—11 

—  8 

+27 

16 

13 

—63 

+51 

—  2 

+  8 

13 


+  6 
+17 

—  1 
-30 

+  2 

+  2 

—  3 

+  13 
—18 

—  2 
—37 
—19 

—  8 
+47 


Table  23. —  Variations  of  the  northtoest  temperatures  for  1878  and  1882. 

[TTnits  of  Fahrenheit  degrees.] 


1& 

-«7 
^56 

—  5 
+20 
+32 

—  7 
+15 

—  9 
—14 
+  4 
415 
+  5 

—  2 
427 
+  13 
-29 


14 

+36 
+29 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

1878. 

Jan.     8. 50 

—  1 

+  5 

—  1 

+  3 

—  1 

—  6 

—  6 

—  2 

0 

+  1 

+  4 

+  8 

+  2 

Feb.     4. 18 

+  5 

+  8 

+  7 

+  3 

—  4 

—  9 

-_  8 

+  2 

—  5 

—  2 

—  1 

—  3 

—  « 

Mar.    2.86 

—  2 

+  .3 

f-  4 

+  5 

+  3 

+  8 

+  5 

+  2 

+  2 

—  4 

—  2 

—  8 

+  3 

Mar.  29. 64 

5 

—  4 

—  3 

+  1 

0 

+  2 

+  2 

—  1 

+  4 

+  4 

+  1 

—  6 

—  6 

Anr.  25.22 
May  21.90 

+  3 ;  -J-  4 

+  8 

+  10 

+  8 

+  4 

+  5 

-2 

—  8 

0 

+  5 

+  7 

+  s 

-  1  ;  +  1 

4    3 

+  2 

0 

-  3 

1 

—  I 

—  4 

—  2 

+  2 

+  2 

0 

June  17. 58 

+  31  +  4 

4-  1 

+  1 

+  1 

+  4 

+  3 

+  4 

—  6 

—  1 

+  6 

+  5 

—  3 

July  14. 26 

+  7     +10     +  3 

+  3 

+  5 

+  4 

0 

—  1 

—  2 

—  2 

0 

0 

—  6 

Aug.    9.94 
Sept    5.62 

_  4     _  2  ,  —  2 

—  1 

—  2 

—  4 

—  7 

—  6 

—  2 

0 

+  1 

+  2 

+  6 

+  2     +1     4-6 

0 

—  6 

—12 

—12 

—  7 

0 

+  1 

0 

—  1 

+  2 

Oct     2.30 

+  3           0       f    I 

+  1 

+  4 

—  1 

—  5 

—  1 

+  2 

+  5 

+  3 

+  12 

+  5 

Oct    28.98 

8          6  1       12 

—  3 

+  1 

—  6 

—  1 

+  2 

+  8 

0 

-4 

—  1 

+  5 

Nov.  24. 66 

—  4 

-91  +  2 

+  1 

+  1 

0 

+  1 

+  5 

+  12 

+  10 

+  7 

+  2 

—  2 

Doc.  21.32 

_  7  1  —  7  ;  —13 

4  1        5  i        5 

10 
3 

—  1 
3 

—  2 
5 

—  3 

—  1 

—  1 
4 

0 
2 

—  3 

—20 
5 

—24 

Mean 

4 

3 

3 

5 

D 

-    4  1  —  5 

+  2 

+  1 

4 

—15 

—22 

—16 

+  4 

+  10 

+  5 

+  9 

+  7 

I 

^-5+13 

_:+_2 

+  15 

+  13 

—  5 

—  5 

+  8 

—  8 

0 

+1*. 

—  8 

—27 

1882. 

Jan.   14.90 

—  7  ,  —17 

+  3 

6 

0 

+  5 

—12 

—21 

—20 

+ 1 

+  3 

-14 

—16 

Feb.  10.58 

+13  '  +  7 

+  5 

+  18 

+  9 

—24 

—22 

-18 

-26 

—  0 

—18 

—16 

—  9 

Mar.    9.26 

11           4 

—  4 

4    4 

+  9 

+  7 

+  6 

+  10 

—  9 

—  7 

—  9 

—16 

—  4 

Apr.    4.94 

+  1 

+  2 

+  1 

+  3 

—  1 

—  3 

—  2 

—  3 

—  4 

—  1 

+  5 

+  5 

+  4 

May     1.62 

+  4 

+  11 

+  8 

+  1 

+  2 

+  4 

+  1 

+  3 

—  1 

—  4 

0 

+  2 

+  4 

May  28.30 

+  5 

+  2 

+  1 

0 

—  4 

—  6 

—  2 

+  4 

+  8 

+  8 

+  6 

+  1 

—  1 

June  23. 98 

—  8 

8 

_6 

-4 

+  1 

+  2 

+  1 

+  1 

+  3 

0 

+  2 

+  3 

+  8 

July  20.66 

0 

—  2 

+  6 

+  6 

+  5 

+  2 

+  2 

5 

+  1 

+  3 

+  1 

+  1 

+  4 

Aug.  16. 34 

+  1 

+  2 

—  2 

+  1 

0 

+  4 

+  4 

+  4 

+  6 

0 

+10 

—  4 

—  7 

Sept  12.02 

0 

+  5 

+13 

+  6 

—  1 

6 

—11 

—  9 

—  7 

—  7 

—  2 

+  6 

+10 

Oct     8.70 

—  9 

—  6 

—  2 

0 

+  6 

+  2 

—  4 

3 

—  6 

—  3 

+  4 

+  4 

+  8 

Nov.    4.88 

+  7 

+  8 

+  3 

+  1 

—  3 

3 

—11 

—16 

—  7 

+  5 

+  7 

+  1 

+  6 

Dec.     1.06 

0 

+11 

+  6 

—15 

—24 

—19 

0 

+  2 

—  2 

+  1 

—  5 

—16 

-» 

Dec.  27.74 

+  6 
5 

+  6 
6 

—  3 

4 

—  3 
5 

—  6 

5 

-  8 
7 

—21 

—12 

—  6 
8 

—11 

—  6 

+  4 

+32 

Mean 

8 

8 

4 

6 

7 

9 

D 

—  7 

—  7 

+10 

+20 

+16 

20 

-60 

—48 

-«8 

—36 

—18 

-«« 

+  » 

I 

+  9 

+24 

+17 

-  8 

-24 

-23 

—11 

—14 

—  2 

+12 

+16 

—  8 

-2 

HI 


Table  22. ->Faruiium«  of  X\b  norihweai  fire9iur09 /arl878  and  1882. 

[Units  aeoond  decimal,  inches.} 


14 


+ 
+ 


26 

18 


+  30 
6 


+ 
+ 

+ 
+ 


29 

21 

18 

6 

5 

—  20 

-  84 

-  7 

—  30 
+  43 


21 
—  65 

+149 


+  24 
+  17 
+  27 
—  27 


10 
0 
11 
7 
13 
11 
12 
19 


+ 
+ 

+ 

+ 
+ 
+ 
+  45 
-    7 


17 
+  87 
+  62 


15 


+  2 
—43 

+41 
+16 
+34 
+21 
+  15 

—  4 
+  7 

—  2 
+  7 
—11 
—17 
+44 


19 
+28 
+82 


+36 
+  3 
+80 
—12 

+18 
0 

-17 
0 

+18 

—23 

+  8 
+  7 
+10 
+  8 


16 


14 

+87 
+  7 


—  9 

—  2 

—  25 

—  24 
+  10 

—  13 

—  4 

—  2 
+  13 

—  24 

—  6 

—  8 

—  26 

—  61 


16 
-114 
—  67 


17 


+  10 
—  15 


+ 

+ 


26 
5 


+  38 
+  2 
+  10 

—  6 

—  14 

—  23 

—  8 
+  16 

—  10 

—  27 


18 


15 
—  40 
+  44 


—  9 

+  6 
+  18 
+  5 
+26 
—32 
+  3 

—  2 

—  6 
0 

—62 

—  8 
+81 

15 
—63 

+41 


—  32 

—  34 

—  34 

—  27 
+    3 

—  6 

—  10 
+    6 

—  6 

—  6 

—  2 
+    2 

—  86 

—  4 


10 


—  1 
+26 

|20 
+  12 
+  13 
—12 

—  5 

—  2 
+12 
+  5 
—10 

—  8 
-M7 
—18 

13 
+  19 
+65 


—  5 

+  2 

84 

—82 

+  6 

—84 

—18 

—  2 

22 

+  4 

+10 

—  3 

—  1 

+  13 

+12 

+  10 

+  7 

+18 

+  » 

+15 

+  8 

+  7 

-22 

+  7 

—39 

—22 

—  5 

—  2 

15 

14 

12 

-118 

—18 

—26 

-68 

-80 

+  7 

20 

21 

22 
+13 

23 

—  6 

+  2 

—  8 

+18 

+42 

+85 

—10 

fl8 

+  6 

431 

f  2 

—39 

—10 

-{■  « 

—21 

—  8 

—  2 

+  1 

-21 

+  8 

+  1 

+  4 

+14 

-  6 

—  4 

—  5 

+  4 

—  3 

—  3 

4 

—  1 

+17 

—  4 

—  7 

+  4 

+11 

+51 

+  16 

-22 

+  8 

—  3 

+19 

+35 

+  8 

—19 

—  7 

-34 

+18 

—  6 

+  2 

+  25 

-16 

—13 

—27 

—14 

13 

12 

13 

15 

—  8 

+34 

+34 

—  4 

+38 

-+_3_ 

+43 

—43 

+  6 

—  4 

—  5 

—26 

—  1 

+14 

—40 

-  7 

—18 

+36 

+11 

—16 

—  1 

-6 

0 

+10 

+21 

+15 

+23 

+  9 

-23 

—22 

+  4 

-13 

+22 

+  2 

-17 

+  5 

+15 

+  14 

—  5 

—19 

+12 

+11 

—  2 

+  4 

+  8 

+  6 

+  0 

—  1 

—  3 

—12 

—43 

-18 

+10 

—  2 

+  8 

+  6 

—12 

—  4 

—19 

+10 

—  8 

—  8 

—  1 

13 

+20 
12 

11 

11 

—  5 

+43 

—71 

—44 

+32 

—  3 

—  6 

+  8 

24 


+  9 

—  9 
—40 
—20 
—35 
+  7 
—10 
+  3 
+  10 
—36 
+65 

—  5 
436 

21 
+  19 
-^1 

+20 
+22 

—  5 
+29 

—  2 
+  2 
+  4 
—26 
+  7 

—  2 
+32 
+  7 

Ml 

—  3 


12 
+71 
+25 


25 

26 

+43 

+23 

—16 

—17 

—  7 

+27 

—11 

—  6 

+  2 

+21 

+  5 

+  3 

—  5 

+  8 

0 

-  2 

+  2 

—11 

55 

-42 

+48 

—  3 

—  9 

-46 

+33 

-  2 

—  2 

-18 

17 

16 

—16 

—61 

+44 

3 

+  5 

+  2 

+45 

+  16 

—23 

+  1 

+  42 

+22 

—11 

0 

+  7 

+  6 

+  12 

+  9 

-22 

—  8 

+  4 

—  8 

—  3 

20 

+  51 

+40 

+23 

+12 

+26 

+37 

—  8 

+23 

20 

14 

+71 

+59 

+77 

+78 

27 


—  9 

I  »  •  •  •  « 

+24 
+17 


0 

+  8 

+  1 
—16 


—  5 

—  7 
—33 

12 
+  2 
—22 


M.P.T. 


I 

I 

I 

D 

I 

I 

I 

I 

D 

D 

D 

I 

I 

I 


15.4 


—  9 

—  8 


+14 
+  7 


+21 
+  6 
—16 

0 
—  3 


+26^ 

8 
—  6 

+45 


D 

D 

D 

I 

I 

I 

I 


D 
D 

I 
I 
D 


14.2 


Tablk  23. — Variations  of  the  northwest  temperatures  for  1878  and  1882, 

[Units  of  Fahrenheit  degrees.] 


14 

15 

16 

+  2 

^\ 

—  6 

—  7 
+  2 

0 

—  3 

—  4 

—  7 

—  8 
+  2 
+  5 

—  6 

17 

18 

19 

+  2 

—  5 
+  6 
+  3 
-6 

—  1 

^t 

0 

0 

+  8 

+  4 

—  4 
-7 

20 

21        22 

23 

24 

25 

26 

27 

M.P.T. 

+  3 

—  8 
+  2 

+  1 

—  2 

—  2 

0 

—  4 
+  5 
+  7 
+  2 

0 
+  8 
-17 

—  8 
+  2 

—  2 
-2 

—  7 
0 

—  4 

—  4 
+  3 

—  8 

-4 

+  2 

f  » 
—13 

5 

—  6 
-^5 

—  5 

f  7 

-8 

0 

+  8 

f  4 

+  i 
f  7 

-10 

+  4 
+  5 
+  8 
+  9 
+  11 

7 

+  4 
+42 

—  8 
+  8 

+  5 

—  5 
—12 

0 

+  1 

—  3 

—  5 

—  6 

—  1 

—  2 
h  6 

+12 

5 
-17 

+  7 

+  4 

+20 

0 

—  2 
+    3 
+  1 

3 

+  7 

—  4 

—  7 

—  1 
+  7 
+15 
-2 

5 
+10 

+28 

—  5 

+  1 
+  5 

—  3 

—  0 

—  1 

—  1 

—  3 
+  2 

—  6 
+  6 

+  1 

0 

+  5 

—  6 
6 

+  3 
+  7 

—  8 

+  1 
+  2 
+  4 
+  8 
0 

—  8 

±\ 

—  2 

—  6 

—  6 

+  » 
+  7 

—  3 

+  3 
+  4 
+  5 

—  2 
+  7 

—  1 
0 

4 

+14 

J\  *. 
+12 

0 
—17 
-18 

—  3 
0 
0 

t\ 

—  3 
+  4 

—  9 

—  2 

—  4 

+  4 
+  2 

—  1 
+  1 
+  2 
+  4 

+  « 

—  5 

—  4 

+  8 

+  3 
+  8 

—  1 
+  8 

—  5 
+  6 

—  8 

—  2 

—  2 
+  4 
+  6 
+  3 

—  7 
+  4 

—  9 
+  7 

—  2 

x\ 

+  3 

—  6 

—  3 
0 

+  4 
+  3 
+  8 
—12 
+  6 
-14 
3 

5 
+  2 
—10 

+  3 
—23 
+  15 

—  1 

+  1 

—  7 

—  4 
0 

+  1 
+  5 

—  4 

—  3 

4    9 
-18 

Y 

—21 
5 

—  1 
0 

+  « 
+  3 

—  4 

—  2 

Xi 

x% 

10 
+  8 

—  9 
9 

6 

—  4 

0 

+  2 
—18 
+  6 

—  4 

—  1 
7 

—  6 

—  2 
+  2 

—  1 

—  4 
0 

+  5 
—13 

5 
—26 
—15 

—  8 
+  2 
—10 

+  1 

—  6 

—  4 

+  8 
+  7 
+  11 
—14 

+  8 

—  7 

—  6 

-  2 

— i2* 
+  3 

'+T 

+  0 

'  +  '7* 
+  5 

+  '4" 

+  6 
0 

I 
I 
I 
D 

1 
I 
I 
I 
D 
D 
D 
I 
I 
I 

4 

+  15 
-29 

—23 

-\    1 
—14 
+  2 
+  6 
0 
+  4 
+  6 
-  8 

+  2 
+  8 
—10 

_+" 

8 

—21 

+1« 

4 
—25 

—  2 

+  3 
+  5 
+  3 

+  4 
+  5 

+  1 
+  1 
+  7 

—  7 

—  1 
+  7 
+  9 
+14 
-ill 

3 
—  1 

-7 

4          4 

+11     +  2 

8  1        6 

4           4 

-1     +  8 
+  24     —4 

6 

+  5 
—17 

+  10 
__  8 

+  7 

—  2 

—  2 

—  0 

—  5 

—  1 
+  2 

—  5 
+  1 
+  0 
+  4 
—12 

5 
—14 

—  3 

5             4.2 

+15    

+  0  j 

+  7 
+20 

—  4 

—  2 

—  3 

—  1 

—  9 

+  I 

—  1 

—  7 

—  1 
+  2 
+12 

—  2 

5 

+12 
0 

+  6 
+  17 
fU 
+  1 
13 

—  4 

—  7 

—  2 
+  2 

0 
+  6 

—  5 

+  7 

+12 
+13 
—11 

t^\ 

1=? 

—  4 

—  2 

+  6 

—  1 

1  +  1 
1  +13 

7 
!  +30 
,-42 

+  18 

+  8 
+12 

—  2 

—  8 
—14 

—  5 
0 

+  2 

+  8 

+  1 

4 

+  6 
-14 

+  11 
12 

+12 

—  1 

—  1 
-10 

—  5 

—  3 

—  1 
+  8 

—  5 
+  1 
+  6 
—20 

7 

—  7 
-13 

H-17 
—  6 

+  3 

0 

-f  1 

'+'6' 

+  3 

'll'i' 

D 
D 
D 

I 
1 
I 
I 
I 
D 
D 
D 
I 
I 
D 

6 

+21 

+41 

6 
+49 
—24 

6 

112 

-32 

7 
+36 
—27 

4 

+14 
—  4 

6.2 

112 


Table  24. — Summary  of  horizontal  component  6.     (System  M.  P.  T.) 

DIKECT  TYPE. 


Year. 

1 

2 

3 
—207 

4 

5 
+  51 

6 
—  221 1 

7 

8   ' 
+  70 

9 
+  155 

10 

11 
+213 

12 
+  272 

13 

1878. . . 

—  218 

-m' 

—117 

+  60 

+  80 

+  151 

1879... 

+  176 

+  5   +194 

+183 

+  236 

+  329 

—  83 

—235 

—  88 

+  334 

+126 

+  115 

—  86 

1880... 

+  256 

+  315 

+237 

+347 

+  171 

+  403 

+228 

—  30 

+  «2 

+  223 

+201 

+  238 

+-  293 

1881... 

—  344 

+  8 

+  37 

—243 

-  26 

—  210 

-185 

—105 

—  77 

+  74 

+244 

+  248 

+-  647 

1882... 

—  213 

—316 

+  70 

+445 

+  358 

+  130 

—  68 

37 

+  329 

4  594 

—  62 

-  31 

+-  76 

1883... 

+  152  +506 

+  74 

—246 

—  61 

—  114 

+108 

+239 

■\-  2srt 

+  337 

—451 

—  406 

+-  117 

lIMMl*  •  m 

-f  860  +265 

+201 

—140 

664 

—  571 

—361 

—367 

—  127 

—  158 

+  86 

t^   131 

+-  286 

1886... 

+  375 

+  295 

+195 

-h281 

+  459 

+  412 

-529 

—361 

—  632 

-431 

—762 

—  401 

+-  192 

1886. . . 

+  193 

-527 

+609 

—485 

—  55 

+  386 

+331 

+298 

+  281 

+  561 

+750 

+  706 

4-  573 

18H7... 

—  105 

—400 

-^23 

—470 

—  430 

—  95 

+  69 

+  172 

+  46 

—  31 

-  87 

+  160 

+   5 

1888... 

+  648 

+  326 

—192 

+  1 

~  236 

+  12 

—  98 

—161 

-  146 

-180 

+  31 

+  134 

—  104 

1880... 

+  96 

—123  —146 

+  14 

+  208 

+  130 

—  49 

—  52  +  157 

+  108 

—  63 

+  207 

+  357 

1890... 

4-  188 

+  61'  +298 

+291 

+  349 

+  175 

+240 

+275 

+  142 

+  23 

+  03 

+  190 

+  184 

1891... 

—  170 

+  84 

—  54 

230 

+  252 

+  336 

—  6 

+230 

+  325 

+  191 

—  11 

+  66 

+  42 

1892... 

412 

—240 

—210 

-236 

-  60 

+  180 

+360 

+  178 

+  136 

+  376 

+428 

+  500 

+  440 

1893... 

+  25  +214 

+610 

+340 

+  661 

+  421 

+458 

+308 

+  291 

4  308 

+158 

+  863 

—  67 

D... 

+  1007,  +348 

+  75 

—265 

+1132 

+  1698 

+475 

+422 

+1172 

+2499 

t 

+913 

+2411 

+3115 

H 
—  131 

t^VERSE  TYPE. 

1878... 

+  214  +  468 

+  545 

+  22 

—  248 

+168 

—  304 

—  202 

+  118 

+  90 

+  09 

+  411 

1879... 

+  183  +  255 

+  123 

+  32  +  109 

116 

—352 

—  226 

-247 

—  26 

—  165 

—  246 

88 

1880... 

+  172—  53 

+  171 

—  90+83 

+  98 

+178 

+  142 

—  130 

+  219 

—  76 

-  69 

+  25 

1881... 

+  474+   1,  +  127 

+  611  +  511 

—  246 

+  234 

—  265 

—  180 

-416 

—  618 

+  39 

+  117 

1882... 

+  180  +  164,  +  450 

+  474  }  415 

+  274 

+387 

+  571 

+  661 

+  690 

+  639 

+  427 

+  307 

1883... 

+  52  +  259  \-   345 

+  379  -\-   304 

1-  253 

+129 

+  169 

—  148 

4-   1 

—  177 

+  81 

—  147 

1884  .. 

+  465  f  2741  +  327 

H  463  —  116 

166 

—265 

+  353 

+  742 

+  223 

—  575 

314 

+  25 

1885... 

f  626+  20;  +  135 

+  273—356 

175 

+  99 

i  157 

-  85 

—  29 

+  37 

-  26 

+  94 

1886... 

+  337i—  283 

-  359 

-  135  -  87 

.  —  103 

-  74 

+  135 

-i  219 

+  363 

+  «4 

+  215 

+  383 

1887... 

166   280 

-  278 

—  31|  —  79 

1-  71 

+  65 

■\-   392 

4-  624 

,  +  413 

+  280 

-145 

—  421 

1888... 

+  160  t   36 

+  348 

—  136  —  357 

—  277 

192 

-\-   269 

+  418 

4-  274 

4  186 

—  628 

—  600 

1889... 

+  155  f  44 

—  30 

-  54 

+  114 

+  97 

+121 

+  214 

+  95 

—  70 

-  02 

+  143 

+  105 

1890... 

—   2+280+242 

1  f  159 

+  217 

1  +  270 

—130 

1  +  100 

+  118 

+  146 

+  326 

+  286 

+  57; 

1891... 

+  182  1  148 

-  695 

-  144 

—  156 

,  -  34 

+  16 

—  38 

+  330 

—  384 

-609 

—  236 

-  67 

1892... 

—  346,-  341 

—  341 

-26—689 

—  349 

+  121 

+  497 

—  75 

+  170 

+  380 

4-  44 

—  10 

1893... 

+  216+  323 

+  295 

+  484     0 

+  144 

-87 

+  10 

—  14 

+  68 

-  220 

—  126 

—  200 

x«  •  *  « 

+2902+1315 

1 

+  1505 

+2271  —  118 

—  607 

+418 

,  +2176 
—1754 

1 

+1926 

j  +1760 

—  628 

—  495 

—  10 

D-I.... 

—1895 

.   967 

1 

—1430 

2536  +1250 

+2207 

+  57 

—  754 

+  739 

+1541 

+2006 

+3134 

Table  25. — Summary  northwest  pressure  variations.     (System  M.  P.  T.) 

DIRECT  TYPE. 


Year. 

1 
+  44 

4 

2 

76 

3 

4 

+  10 

5 
+  39 

6 

7 
+  66 

1 

3 
37 

9 
+   1 

10 

11 
—  86 

12 

-44I 

13 

1878... 

+  57 

+  58 

—  48 

—  87 

1879... 

-  6 

54 

—115 

+  4 

39 

+  10 

26 

+ 

69 

+  64 

—  20 

—  36 

—  68  1 

+  1» 

1880.. 

—  94 

— . 

23 

4  15 

-17 

34 

+  21 

4  62 

+ 

74 

+  64 

+  1 

-26 

-  23 

+  15 

1881... 

—  0 

— 

5 

-.10 

+  16 

+  41 

+  13 

+  7 

+ 

3 

+  24 

—  9 

—  34 

+  10 

+  18 

1882... 

+  0 

+ 

19 

+  2 

37 

—  66 

—  68 

+  37 

+ 

6 

+  56 

—  7 

63 

+  51 

+  86 

1883... 

—  1 

+ 

82 

43 

—  10 

+  15 

+  3 

-10 

+ 

60 

+  64 

+  33 

+  27 

+  50 

+  10 

1884... 

+  13 

7 

V   45 

-  26 

+  48 

—  49 

+  26 

11 

+  22 

+  36 

+  68 

+  8 

—  14 

1885... 

+  31 

,_ 

27 

—  70 

—107 

+  2 

—  9 

+  27 

13 

—  10 

+  31 

+  11 

+  25 

+  45 

1886... 

+  34 

18 

—  97 

62 

+  47 

+  33 

+  41 



16 

+  81 

+  14 

—  41 

-  1 

—  20 

18H7... 

+  85 

31 

—  50 

—  15 

9 

+  32 

+  47 

+ 

19 

+  22 

+  6 

—  5 

+  11 

—  36 

1888.. . 

—118 

— 

30 

—  1 

1  21 

+  1 

44 

+  120 

86 

+  57 

—  23 

37 

—  32 

—  88 

1889... 

—  34 



24 

—  84 

-122 

—  42 

—  86 

—  59 

+ 

82 

4  154 

+  92 

4  37 

+  46 

+  15 

1890... 

+  4 

f- 

13 

—  21 

r  73 

+  32 

23 

—  55 

51 

4-  16 

—  1 

4  67 

+  66 

—  60 

1891... 

—  3 

0 

)-  13 

0 

-31 

—  69 

45 

+ 

15 

i   16 

+  57 

4  24 

47 

—  30 

1892...*+  8 

\- 

30 

+  17 

f  69 

4  93 

4-  50 

-  27 

17 

22 

+  11 

4  38 

4  18 

—  13 

1893...'—  36 

+ 

7 

-27 

-  8 

—  4 

-25 

1-  24 

+ 

64 

+  70 

+  6 

+  23 

+  10 

+  11 

1894...:  1  20 

42 

—  69 

4  13 

4-  10 

+  88 

4  65 

+ 

71 

+  78 

}  28 

—  82 

—  32 

—  04 

D... 

56 

34 

—468 

—108 

+  103 

55 

i-204 

+ 

404 

+  756 

+207 

—  74 

+  47 

—353 

Tablk  21, — Snmautrji  of  horizontal  etMpmtenl  if. 
DIRECT  TYFX. 


(SjBtemM.  P.  T.) 


IS  IS     I 


-f  308  +  2M  H 

— IM  _    !S   H 

+!7<  +  IM    H 

-3W  -  IM  - 

—  40  +103    H 

+  ti  +  tin  -\ 
-saa  +  i»  H 

-t-aiB   +UST   H 


INVERSS  TTPB. 


■m 

,n 

J 

!tl 

1  mi 

, 

..! 

,0. 

.:.« 

+  230 

i-ia 

—2558 

—  6M 

-'"" 

t 

fsoa 

-fWW| 

+31H 

-.» 

+"• 

-)-»TM 

+3«0 

.im| 

-MO 

""i 

-tM 

-■» 

-""I 

-2153 

-BOM 

u-ITW 

Tablk  20.— 5uMnary  itorUwMf  prMtare  mrioUoiM.    (SyHtom  M.  P.  T.) 

DIBECr  TTPB. 


u 

-  ss 

-  IS 

li 

-  18 

Til 

1' 

lia 

1  17 
1  1W 

» 

n 

18 

-  32 

7    2 

1    21 

—  82 

7  m 

1  n 
+  M 

+  73 
-  4« 

III 

1   M 
7  IB 

T,S 

1    33 
+  JT 
-« 

a 

+  iJ 

-  84 

1-  31 

7  m 

=1 

2t 

740 

24 

|.  10 

1  M 

—  16 

l'    s 

l"     2 

—  27 
^108 

_3l 

i437 

It 

lis 

7  14 

1    B7 
—  20 

-1-13 
-30 

at 

-s 

1-  22 

7  37 
—  «3 

if 

W 

-41 

i1 

+  18 

+  18 

1  ei 

—  48 

zS 

-  ra 
1  an 

—  18 

h  it 

1-  30 

tn 

—  3» 
-2* 

It 
-l-BB 
+  W 

10305— No.  21- 


114 


Tablk  25. — Summary  northwest  pressure  variations.     (System  M.  P.  T.) — ^Continued. 

INVERSE  TYPE. 


Year. 

1 

2 

3 

4 

6 

G 

7 

8 

9 

10 

11 

12 

13 

1878... 

-111 

94 

—  33 

—  79 

f  48 

+  60 

—  23 

—  96 

96 

—  31 

—  28 

+  3 

4-  56 

1879... 

—  41 

-f  78 

f-  38 

+  21 

1-  15 

-25 

,-65 

98 

—  154 

—  71 

4-  63 

4  22 

4-  27 

1880... 

—  1« 

-62 

i-  1 

-  33 

22 

—  29 

—108 

76 

—  25 

4-  39 

4-  7 

fllO 

+  108 

1881... 

0 

-  7 

—  7 

4-  46 

+  21 

—  90 

—  31 

—  73 

—  63 

4-  45 

4-  10 

4-  37 

+  38 

1882... 

-\-    5 

43 

40 

47 

39 

0 

—  54 

12 

\-    41 

4-  16 

—  2 

+  3 

+  29 

1883... 

—  33 

f-  99 

f  84 

—  10 

4-  50 

4-  23 

—  86 

—  194 

—  Ill 

—  39 

—  9 

—  9 

—  60 

1884... 

—  65 

—  58 

33 

-62 

+  45 

—  24 

15 

4-   1 

4-  25 

—  10 

—  10 

13 

+  10 

1885... 

+  u 

i-  43 

■\-   35 

H  39 

16 

—  61 

--  22 

4-   8 

2 

+  13 

—  16 

—  7 

4-  48 

1886... 

—  67 

—  80 

—  64 

48 

—  19 

4  33 

+  31 

+  22 

—  42 

+  10 

4-  28 

4-  45 

—  8 

1887... 

-f  44 

+  26 

+  1 

+  16 

4-120 

4-150 

4-  30 

123 

—  134 

—  25 

-88 

-95 

4-  41 

1888... 

1  25 

f  18 

—  3 

—  56 

f  52 

4-  97 

-f  71 

4-  61 

f  41 

4-  71 

+  32 

4-  19 

—  65 

1889... 

31 

-126 

—  62 

—  48 

+  87 

4-  45 

4-  88 

4-  47 

0 

—  1 

—  44 

-41 

—  4 

1890... 

—  71 

r  66 

F  69 

-f  43 

+  46 

4-105 

4-  67 

4-  12 

4  22 

4  36 

4-  33 

4  14 

—  17 

1891... 

—  3 

-f  2 

hl78 

+  73 

—  17 

—  62 

104 

—  118 

—  99 

—  69 

-15 

f  33 

4-  6 

1892... 

1  20 

—  46 

+  51 

-1-  32 

43 

—  22 

4-  15 

—  98 

34 

34 

4-  40 

46 

4-  29  ■ 

1893. . 

-1-  77 

f  12 

f  41 

+  49 

+  44 

—  64 

-  65 

62 

-  21 

4-  46 

—  57 

—  61 

1 

^oVv • > • 

—  23 

h  23 

.-  62 

-  35 

89 

4  15 

4-  1 

20 

—  59 

-25 

4-  63 

4-  67 

—  60 

I ... 

256 

—149 

1  194 

-104 

-}233 

fl71 

—280 

—  828 

—  711 

—  29 

-13 

+  71 

+187 

I-D.. 

—200 

—115 

+652 

1  94 

+  130 

4-226 

-574 

—1233 

—1467 

236 

+  61 

-  24 

+540 

Tablk  26. — Summary  northwest  temperature  variations.     (SyBtem  M.  P.  T.) 

DIRECT  TYPE. 


INVERSE  TYPE. 


1878... 

—  5 

+  13 

4-  2 

+  15 

+  13 

—  5 

_ 

5 

+  8 

—  3 

0 

+  14 

1 
—  8 

-A 

1879... 

—13 

—  41 

—  7 

-  7 

4-  9 

4-  1 

+ 

12 

+  18 

+  19 

+  48 

—  7 

+  5 

+18 

1880... 

—25 

+  13 

4-  24 

+  7 

+  13 

4-11 

+ 

22 

+  32 

+  17 

+  12 

+  13 

+  9 

+  1 

1881... 

—  8 

12 

—  22 

+10 

+  26 

+  16 

— 

21 

+  8 

+  1 

+  23 

—  1 

—12 

—  3 

1882... 

4-  0 

+  24 

+  17 

—  8 

—  24 

—23 

— 

11 

—  14 

—  2 

-h  12 

+  16 

—  S 

—  2 

1883... 

+  6 

—  4 

+  8 

4-17 

+  19 

+34 

+ 

13 

+  11 

12 

—  6 

+  15 

+  1 

—  6 

1884... 

—16 

—  83 

—  36 

—19 

-  35 

—34 

— 

15 

-  14 

—  2 

+  2 

+  6 

+  3 

+  8 

1885... 

+27 

+  20 

+  29 

4-43 

+  28 

—  8 

— . 

27 

-  27 

—  15 

-  8 

—  11 

—16 

1886... 

+23 

4-  17 

4  35 

+  25 

.4-  17 

+22 

+ 

5 

+  12 

+  16 

+  14 

—  7 

+  6 

0 

1887... 

—  2 

—  12 

—  23 

—50 

—  64 

—38 

25 

—  41 

+  27 

—  10 

+  18 

+  14 

—85 

1888... 

—17 

-13 

+  10 

—16 

—  34 

—24 

+ 

7 

+  14 

+  34 

+  29 

+  52 

+  84 

+36 

1889... 

+  5 

1 

4-  3 

—19 

4-  6 

—17 

— 

80 

—  15 

—  4 

+  14 

+  22 

+14 

+89 

1890... 

—  6 

—  24 

44 

—39 

—  42 

—26 

_ 

7 

+  9 

—  8 

—  39 

—  17 

—17 

+19 

1891... 

—16 

49 

—  82 

—11 

+  22 

+  11 

+ 

16 

+  65 

4-  40 

1 

—  15 

—31 

+10 

1892... 

5 

4-  16 

-  17 

4-12 

+  22 

—  3 

18 

+  8 

+  49 

+  26 

+  21 

+26 

+  4 

1893... 

—  6 

—  12 

—  19 

—15 

—  23 

+  9 

+ 

6 

0 

21 

21 

—  6 

—  3 

—21 

1891... 

—21 

—  14 

4-  19 

+  24 

+  35 

+  18 

9 

—  3 

+  6 

+  8 

—  15 

+  7 

+  8 

I... 

—70 

112 

—123 

—  3 

-  12 

—61 

— 

87 

+  143 

+  142 

4  103 

+  99 

+29 

+.5 

D-I.. 

—  8 

+143 

+164 

+  12 

—  89 

+  5 

— 

79 

—400 

—450 

—183 

—120 

-T 

+38 

115 


Table  25. — Sumnuiry  northwest  pressure  variations.     (System  M.  P.  T.) — Continued. 

INVERSE  TYPE. 


14 

15 

16 

17 
f  44 

18 

19 

20 

21 

22 

-\   43 

23 
-  43 

24 

—  31 

25 

5 

1 

i6 

27 

+149 

+  82 

—  53 

+  41 

+  65 

+  38 

+  3 

+  44 

3 

—  22 

+  133 

+  38 

46 

+  88 

+  42 

+  20 

14 

+  37 

i  69 

+  44 

-124 

76 

1 

+  1 

+  30 

+  61 

-  45 

+  35 

+  85 

+  87 

+  31 

25 

—  82 

-  29 

—  26 

0 

-_ 

38 

4-  14 

+  15 

+  59 

+  19 

+  10 

+  6 

}   7 

+  25 

—  30 

+  13 

-  20 

4  14 

-1   8 

4 

0 

+  52 

1-  7 

-  67 

-  68 

—  80 

-f  7 

i  32 

—  3 

—  6 

+  8 

+  25 

+  77 

+ 

78 

4-  45 

—  6 

0 

f  33 

—  27 

42 

—  32 

+  87 

14 

4   9 

+  62 

0 

1-  2» 

1- 

45 

+  80 

f  32 

+  51 

+  83 

+  63 

+  49 

+  7 

—  6 

—  52 

—  54 

+  40 

+  13 

+  55 

6 

—  44 

+  52 

+  17 

27 

—  1 

-  13 

—  41 

13 

+  19 

1-  0 

-  5 

-67 

-27 

— — 

5 

4-  2 

i-  31 

+  2 

+  10 

4-  4 

—  10 

[-   JO 

+  15 

+  22 

+  8 

—  55 

+  13 

-\-   53 

4- 

57 

_  19 

+  84 

—  53 

—  99 

-77 

—129 

—  80 

—  18 

—  35 

—  11 

+  48 

—  13 

+  3 

4- 

38 

-^  3 

—  22 

-  61 

+  89 

+  32 

—  15 

—  22 

—  80 

+  5 

4-  1 

—  65 

—122 

—100 

67 

+  18 

-  13 

-  30 

—  27 

+  12 

■f  2 

1-  61 

+  74 

+  30 

+  11 

+  45 

+  81 

52 

—. 

81 

4-  21 

—  52 

—127 

87 

+  13 

+  68 

+  80 

+  5 

—  76 

4  22 

-  34 

—  80 

—  8 

~» 

17 

4-  4 

+  11 

+  40 

+  46 

+  46 

j-  14 

+  21 

+  16 

—  72 

59 

-1-  45 

84 

10 

— 

16 

-{  15 

+  2 

+  57 

+  136 

f  66 

+  62 

+  51 

4   1 

46 

—  14 

—  2 

—  34 

-  64 

^_ 

73 

+  18 

1  25 

—  15 

—  62 

47 

82 

+  23 

+  1 

—  10 

+  27 

+  61 

i  20 

4  37 

4- 

48 

4-  41 

+  7 

+  60 

+132 

+  81 

—  1 

f  6 

»134 

—  20 

35 

—  75 

—  2 

—  17 

26 

4-  12 

+536 

+  179 

—  16 

+280 

-  3 

+261 
+692 

+378 

—267 

—  49 

+  25 

-367 

—  43 

71 

+  178 

+810 

—  19 

—  88 

+851 

+618 

+204 

—866 

—  22 

+268 

-804 

—186 

+ 

34 

+  139 

Table  26. — Summary  northwest  temperature  variations,     (System  M.  P.  T.) 

DIKECT  TYPE. 


11 

15 

16 

17 

18 

19 

20 

21 

22 
—  1 

23 

24 

25 

26 

27 

4-15 

—  6 

—  25 

—  17 

1 

+  11 

4-  2 

4-  14 

+  8 

+  2 

—  4 

+  5 

+15 

—  6 

4-  12 

+  30 

+  14 

4-  44 

+  46 

+  31 

—  6 

—16 

—13 

—  20 

—  12 

f  9 

—  1 

+22 

4-  2 

—  4 

+  34 

+  .SO 

—  3 

—  25 

—  37 

—41 

—15 

22 

—  41 

—16 

+  2 

—32 

—  14 

+  1 

+  16 

+  10 

+  9 

+  13 

+  10 

+35 

+22 

—  12 

—  25 

+20 

+26 

-21 

-f  4 

4-  21 

+  10 

+  12 

f-  49 

+  30 

}  12 

+36 

—  7 

—  21 

—  26 

14 

+  14 

—24 

—  38 

4-  7 

+  26 

+  29 

+  22 

+  10 

+  80 

+28 

0 

—  20 

+  12 

+24 

+37 

—  7 

—  10 

+  15 

+  16 

4-  1 

+  12 

4-  0 

+  2 

+21 

+23 

+  16 

4-  20 

+  « 

—18 

—27 

—  9 

4-  12 

4-  7 

4-  44 

+  57 

+  17 

+  83 

458 

+36 

+  23 

+  15 

—15 

—14 

4-  5 

+  21 

+  36 

+  55 

+  32 

+  6 

—  28 

—  69 

-35 

—23 

—  21 

—  40 

—21 

—12 

+11 

—  25 

—  16 

-  15 

+  9 

+  22 

f  » 

4-  2 

+  6 

+26 

+  17 

+  7 

+  7 

—30 

+  17 

4-  13 

+  22 

4-  11 

+  23 

4-  7 

4-  10 

+  16 

4-  4 

+  12 

-28 

—  29 

+  1 

—34 

+13 

-  7 

4-  6 

4-  11 

4-  14 

+  24 

4 

f  5 

—23 

-10 

+  14 

+  7 

+20 

16 

—35 

—  32 

—  22 

—  13 

—  13 

—  22 

44 

—  34 

-12 

-14 

—  20 

—  13 

+  18 

+21 

+  14 

—  2 

+  23 

+  10 

4-  17 

—  4 

—  13 

4 

+  12 

+  0 

—  3 

—  .3 

—13 

—19 

4-6 

+  12 

+  16 

4-  13 

4-  9 

+  21 

+  15 

4-  18 

\2\ 

+29 

—  3 

+  6 

+20 

—16 

+  6 

—  11 

4-  10 

+  33 

+  26 

+  19 

+  13 

+  15 

4-  7 

-16 

-33 

—  31 

—37 

—20 

0 

4-  6 

0 

4-  24 

+  13 

+  23 

+  10 

0 

-21 

—44 

23 

+  8 

+23 

4  9 

—43 

—  84 

+182 

+235 

+299 

+299 

+  62 

+  17 

+80 

+  15 

—154 

—149 

+37 

— 66 

INVERSE  TYPK. 


—29 

—  25 

2 

+  7 

—  7 

-8 

—  6 

+  4 

+24 

4 

—  10 

0 

—17 

+  6 

—28 

—  41 

—  9 

-  11 

—  17 

+  7 

—  8 

—  1 

—27 

—18 

f  22 

\-   36 

+  7 

+16 

+  16 

+  « 

—  2 

—  2 

26 

-27 

4 

+  15 

+22 

+32 

—  6 

—  10 

{-  2 

—12 

—  8 

+  4 

+  11 

+  19 

+  22 

—  1 

0 

—  10 

—25 

—20 

—  16 

24 

+  8 

+  14 

+16 

+  42 

+  41 

+  28 

0 

—  24 

—  42 

32 

-27 

-13 

—  6 

15 

3 

4 

+  8 

—  8 

—  8 

-  8 

—  15 

—  6 

+  8 

+  21 

+  11 

+  5 

+  21 

—  8 

-14 

—16 

—  9 

—  11 

+  » 

+  30 

+  42 

+  40 

+  46 

+  87 

+  14 

—  7 

+  21 

3 

6 

+  2 

—42 

-  50 

—  11 

—  15 

+  5 

+  21 

+  5 

0 

+  0 

+21 

+  18 

-  15 

—21 

6 

—  8 

+  12 

-  11 

—  30 

—  33 

-40 

—  8 

+  1 

+  6 

+15 

—  9 

—  82 

—11 

+  16 

—10 

-f  62 

+  48 

+  7 

+  30 

+  34 

+  31 

+  1» 

—14 

+  3 

+  10 

+  9 

—  9 

-30 

+  12 

+  14 

—  22 

—  19 

—  20 

—  13 

—  8 

—  2 

4-  9 

+  20 

+  18 

0 

—  5 

—20 

+14 

+  14 

+  12 

—  15 

—  11 

—  11 

—  12 

0 

+24 

—  1 

—  6 

+  20 

—17 

2 

+27  +  31 

+  3 

—  16 

—  43 

—  46 

21 

+  8 

—22 

—  2 

+  29 

+  43 

+45 

+  2 

+  8+17 

+  13 

—  6 

+  1 

—  1 

+  3 

+  25 

+  8 

—32 

—  15 

+  6 

+  4 

—  4 

+  9+1 

—  7 

—  10 

—  10 

—  81 

—  11 

0 

+  4 

+  3 

4-  20 

+  15 

+  11 

13 

-21  -11 

+  22 

+  19 

+  14 

+  16 

+  0 

+  26 

+  1 

—12 

+  18 

+  17 

—  3 

+14 

—16  —34 

-  58 

—  55 

—  7 

-22 

—  63 

\-   11 

+  3 

+43 

+  25 

+  17 

+  17 

—12 

62  !  +  18 

+  » 

-  77 

-74 

—112 

—  62 

+122 

+  19 
+61 

+  33 

+  135 

i  65 

+  16 
+-0 

—48 

+19  —102 

+  103 

+312 

+373 

+411 

+114 

—105 

—18 

—289 

—204 

—  8 

116 

Lest  the  criticism  may  oe  arged  that  this  selection  of  groaps  approxi- 
mately conforming  to  a  normal  carve  would  reproduce  any  curve 
adopted  as  the  model,  for  a  final  collection  the  general  law  of  Table  21 
was  applied  rigorously  throughout  the  same  data,  wherein  no  selection 
is  made  by  matching.  This  is  a  tour  de  force  and  an  excessive  test  of 
the  period,  the  curve,  and  the  deduced  law,  because  it  is  applied 
mechanically  through  sixteen  years  of  data  in  the  magnetic  force,  the 
pressure  ami  the  temperature,  right  up  to  the  transition  dates,  whereas 
in  the  periods  near  the  penumbral  dates  there  is  likely  to  be  an  over- 
lapping of  the  periodic  form,  even  for  some  distance,  or  else  a  condition 
where  the  true  normal  form  is  not  impressed  vigorously  upon  the 
earth's  field,  so  that  the  curves  of  observation  may  there  be  partly  for- 
tuitous. As  our  object  is  to  establish  a  normal  curve  and  period,  the 
result  derived  from  the  general  law  is  merely  corroborative  of  the 
others.  It  will  require  a  still  further  review  of  the  observations  to 
distiuguish  the  best  subdivision  of  the  periods,  because  all  the  results 
given  in  this  paper  are  such  as  came  to  hand  without  knowing  what 
the  physical  law  really  was.  On  Table  27  are  collected  the  various 
summations  under  the  respective  heads,  which  are  self-explanatory 
after  this  recital  of  the  procedure  followed  in  the  computations.  These 
values  are  plotted  as  ordinates  on  the  respective  curves,  which  are 
plainly  marked  for  intercomparison,  charts  21,  22.  In  spite  of  many 
minor  divergencies  among  these  curves,  the  type  is  clearly  discerned, 
and  the  adopted  form  of  the  normal  curve  is  drawn  at  the  bottom  of 
the  D  and  I  type  diagrams  respectively.  By  comparison,  these  curves 
are  found  to  be  the  same  on  inverting  one  of  them.  The  conclusion  is 
obvious  that  a  typical  normal  curve  underlies  the  entire  system  of 
magnetic  and  meteorological  observations,  and  that  the  former  precedes 
the  latter  in  the  sequence  of  cause  and  effect.    (Compare  Chart  9.) 

Chart  21.— 26.68  day  solar  period,  direct  type. 
Chabt  22.-26.68  day  solar  period,  inverse  type. 
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TJie  normal  curve  derived  as  above  when  wrapped  around  a  center 
and  developed  clockwise,  since  the  sun's  rotation  is  anticlockwise,  is 
shown  on  Chart  23.  In  order  to  present  its  most  symmetrical  appear- 
ance it  may  be  referred  to  two  rectangular  axes,  and  the  origin  should 
then  be  changed  to  the  middle  of  the  second  day  of  the  ephemeris 
derived  from  ex>och  June  12.22.  Accordingly  a  new  ephemeris  referred 
to  epoch  June  13.72,  1887,  has  been  constructed,  of  which  the  January 
dates  for  the  years  1840-1899  are  here  given.  This  investigation  was 
conducted  by  means  of  the  old  ephemeris,  but  it  is  thought  desirable 


Chart  23. — Direct  typt  of  the  variation  of  the  magnetic*  and  meteorological  elemeiitB  in  tlie  26.68 

day  period. 

Old  epoch— Jane  12.22, 1887. 
New  epoch— June  13.72, 1887. 
Period  26.67028  days. 

to  have  the  symmetrical  type  of  the  curve  adopted  by  others,  together 
with  the  ephemeris  belonging  to  it.  The  old  curve  and  ephemeris  are 
found  by  subtracting  1.50  day  from  the  dates  herewith  presented  in 
Table  28.  The  form  of  the  normal  periodic  curve  is  also  given,  and  the 
position  of  the  ends  of  the  rectangular  axes  are  marked  along  the  line 
of  abscissas.  For  convenience  the  curve  is  developed  to  the  right,  as  the 
changing  aspect  of  the  effect  at  the  earth  is  thus  conveniently  presented 
forstudy,butitcorresponds  toan  antirotational  direction  on  the  sun  itself. 


120 


Tablk  28. — Epknuerii  of  ike  9olar  vuignetic  period. 
[Epoch  June  13.72, 1887.    Period  26.67028.] 


1840... 

J*"- 16. 87 

I860.... 
1861.... 

..Jan.  21. 99 
..Jan.  2.82 

1R80... 
1881... 

...Jan.  27. 11 
...Jan.  7.94 

1841... 

...Jan.  24. 38 

1842... 

...Jan.  6.21 

1862.... 

..Jan.  11.33 

1882... 

...Jan.  16.46 

1843... 

...Jan.  14.72 

1863.... 

..Jan.  19. 84 

1883... 

...Jan.  24. 96 

1844... 

...Jan.  23. 23 

1864.... 

..Jan.  1.67 

1884... 

...Jan.  6l79 

1845... 

...Jan.  4.06 

1865.... 

..Jan.  9.18 

1885... 

...Jan.14.8C 

1846... 

...Jan.  12. 57 

1866.... 

..Jan.  17. 69 

1886... 

...Jan.  22. 81 

1847... 

...Jan.  21. 08 

1867.... 

..Jan.  26. 20 

1887... 

...Jan.  4.64 

1848... 

...Jan.  2.01 

1808.... 

..Jan.  8.08 

1888... 

...Jan.  13. 16 

1849... 

...Jan.  10. 42 

1860.... 

..Jan.  15. 54 

1880... 

...Jan.  20. 66 

1860... 

...Jan.  18. 03 

1870.... 

..Jan.  24. 06 

1890... 

...Jan.  2.49 

1851... 

...Jan.  27. 44 

1871..-. 

..Jan.  5.88 

1891... 

...Jan.  11. 00 

1852... 

...Jan.  9.27 

1873.... 

..Jan.  14. 39 

1892... 

...Jan.  10. 51 

1853... 

...Jan.  16. 78 

1873.... 

..Jan.  21. 00 

1893... 

...Jan.  27. 02 

1854... 

...Jan.  25. 29 

1874.... 

..Jan.  8.73 

1894... 

...Jan.  8.85 

1855... 

...Jan.  7.12 

1875.... 

..Jan.  12. 24 

1806... 

...Jan.  17.36 

1856... 

...Jan.  15. 63 

1876.... 

..Jan.  20. 75 

1896... 

...Jan.  26. 87 

1857... 

...Jan.  23. 14 

1877 

..Jan.  L5e 

1897... 

...Jan.  6.70 

1858... 

...Jan.  4.97 

1878.... 

..Jan.  10. 09 

1898... 

...Jan.  15. 21 

1850... 

...Jan.  13.48 

1870 

..Jan.  18. 60 

1899... 

...Jan.  23. 72 

European  obaenrationa. 


C6.S. 
20. 

a 


Adopted  form  of  the  normal  periodic  cnrre  (direet  type), 


It  may  be  stated  that  according  to  oar  conception  this  carve  repre- 
sents the  average  distribation  of  a  quasi  static  field  sarroanding  the 
san^  at  the  distance  of  the  earth,  and  therefore  it  affords  the  basis  for 
a  partial  discassion  of  the  state  of  magnetism  within  the  nacleas  of  the 
san  itself,  by  the  spherical  harmonic  analysis.  If  the  san  maintains 
this  typical  field  throagh  fifty  years  withoat  secular  change,  then  the 
solar  nacleas  mast  i)08sess  a  stability  of  some  sort,  qaite  different  from 
the  vax)oroas  condition  often  assigned  by  astronomers  to  the  interior 
of  the  san.  Agreeing  as  the  26.68-day  period  does  with  the  observed 
rotation  of  the  san  at  its  visible  eqaator,  Instead  of  with  the  average  of 
the  san-spot  rotation,  this  indicates  a  circalation  of  the  photosphere  like 
that  of  the  earth's  upper  atmosphere,  at  the  extremity  of  a  radius  of 
condensation  by  cooling  of  the  solar  material,  and  thus  modifies  some 
other  conceptions  iu  solar  physics. 

Begarding  the  amplitade  adopted  for  the  normal  curve,  it  is  simply 
that  which  matches  the  variations  of  the  horizontal  component  for  the 
latitude  of  the  United  States  and  Europe.  Applying  it  to  the  total 
vector  s  in  the  same  latitude,  also  to  the  i)olar  regions,  enlarging  fac- 
tors are  required  which  can  be  readily  supplied  by  the  data  given  in 
other  parts  of  this  paper. 
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SYNCHRONISM  OF  THE  SAME  IN  THE  11-YEAR  PERIOD. 

'  We  now  turn  our  attention  to  another  line  of  argument  to  show  the 
synchronous  action  of  the  solar  and  terrestrial  elements.  It  is  similar 
to  the  data  usually  given  in  this  connection,  such  as  was  collected  by 
van  Bebber  in  Witterungskunde,  VI  Einfluss  der  Sonnenflecken  auf 
die  Witterung,  pp.  199-259.  It  depends  upon  the  tabulations  already 
described,  and  some  additional  compilation  on  the  positions  of  the 
storm  tracks  and  thQ  movement  of  storms.  The  secular  changes  can 
not  be  attributed  to  any  transient  or  fortuitous  combinations  of  forces, 
such  as  the  electromagnetic  solar  radiation  which  expends  its  energy 
in  convectional  circulations  of  short  duration,  while  the  atmosphere 
tends  back  to  a  state  of  equilibrium.  On  the  other  hand,  they  must  be 
referred  to  some  long-sustained  state  of  the  medium  in  which  the 
earth  is  immersed  and  which  affects  its  temperature  and  the  other  con- 
ditions of  the  circulation  of  the  currents  of  the  air  as  a  whole  for  great 
periods  of  time  when  compared  with  the  variable  states  observed  in 
the  highs  and  lows  of  the  weather  maps.  Such  prolonged  and  sus- 
tained changes  in  the  magnetic  and  meteorological  elements  can  never 
be  explained  by  transient  electric  currents  of  the  upper  atmosphere, 
and  this  constitutes  an  insuperable  difficulty  toward  regarding  that 
theory  of  the  origin  of  the  observed  magnetic  forces  as  sufficient.  The 
first  objection  raised  against  the  theory  was  that  the  actual  changes 
in  the  magnetic  field  are  too  rapid  and  too  widely  distributed  simultane- 
ously over  the  earth  to  be  due  to  local  currents  of  the  air  in  any  district; 
the  second  objection  is  now  added  that  other  values  of  the  forces  are 
too  long  sustained  to  be  attributed  to  such  a  source.  The  explanation 
offered  in  this  paper  is  that  the  earth  lies  in  a  solar  magnetic  field, 
which  by  its  unsteadiness  causes  all  kinds  of  quick  variations  in  the 
earth's  field,  and  thus  accounts  for  the  first  class  of  changes;  and  that 
the  same  solar  field  goes  through  long,  steady  secular  changes  as  sug- 
gested by  the  sun  spots  andr  the  other  allied  phenomena.  In  both  the 
physics  is  based  upon  the  fact  that  an  increase  in  the  intensity  of  the 
magnetic  field  lowers  the  temperature  of  the  atmosphere,  and  thus 
influences  the  convective  circulation  as  a  whole,  but  especially  in  the 
polar  regions.  The  simplicity  of  this  view  and  its  cosmical  efficiency 
is  such  as  to  readily  account  for  the  widely  diversified  effects  that  have 
been  ascribed  to  it  A  series  of  secular  results  is  collected  on  Tables 
29,  30  which  wiU  be  briefly  described. 

1.  From  the  Garrington,  Spoerer,  Greenwich,  Washington  sun-spot 
observations,  the  total  spotted  area,  expressed  in  units  of  100^)00  P^^^ 
of  the  disk,  for  each  year,  was  summed  up  and  the  result  is  put  in 
column  2,  Table  30.    It  develops  the  curve  of  sun-spot  frequency. 

2.  If  the  mean  of  the  numbers  along  each  period  in  Table  20  of  the 
horizontal  component  (T,  and  be  taken  without  regard  to  sign,  the 
values  for  1878  and  1882  appear  in  the  respective  columns  of  Table 
29.    Similar  mean  values  for  other  years,  1878-1893,  are  collected  in 
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Table  30.— Comparison  of  the  secular  variations  of  the  sun  spots,  the  European  magnetic 

field,  and  the  American  meteorological  system. 


S 

S 
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1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1802 
1898 
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&^ 
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CO 
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93 

64 

153 

71 

1592. 

85 

2699 

•     91 

3674 

112 

4370 

99 

3815 

100 

3364 

95 

1433 

88 

725 

71 

410 

74 

287 

68 

402 

50 

2119 

85 

5100 

111 

4500 
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« 
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o  S 

^  .: 

»% 

So 

«»!3 

•d  . 

HIS 

rfj'^ 

le 

♦»'-' 

H 

CD 

■ 

• 

1 

i 

«P^ 
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50.7 
48.9 
47.8 
47.5 
46.2 
45.0 
45.8 
45.8 
46.6 
46.5 
45.9 
48.1 
47.8 
47.0 
46.5 
46.0 


a  « 

CB'O 


I 

l| 

►J® 

• 

46 
44 
43 
39 
37 
38 
87 
87 
41 
86 
37 
42 
40 
38 
39 
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29.95 
29.98 
29.96 
30.04 
80.05 
30.07 
30.04 
30.06 
30.02 
30.03 
80.06 
30.04 
30.04 
80.03 
80.05 
30.00 


o 

a 
9 


«  a 

o  o 

H 


I* 


Storm  move* 

mentfl  in 

longitude. 


o 


1.99 
2.49 
2.44 
2.15 
2.24 
2.44 
2.17 
2.19 
2.37 
2.14 
2. 88 
2.50 


S 


-3^ 


1.76 
1.84 
2.00 
2.08 
1.88 
2.06 
2.19 
1.94 
2.22 
2.16 
1.91 
2.16 


s 
s 

CO 


storm  movemente 
in  lAtitade. 


}Z5 


5.33 
5.67 
5.55 
5.47 
5.35 
5.15 
5.35 
5.37 
5.25 
5.25 
5.19 
5.06 


I 


OQ 


1.75 
1.81 
1.63 
1.82 
1.72 
1.76 
1.68 
1.71 
1.65 
1.61 
1.78 
1.60 


a 

o 


fafi 


2.21 
2.05 
2.02 
1.99 
2.11 
2.03 
2.04 
1.96 
1.89 
1.94 
1.94 
2.06 


a 


9 
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4.06 
3.79 
3.67 
8.99 
8.90 
8.86 
3.87 
3.57 
3.78 
3.92 
8.96 
3.71 
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a 
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H 


6.7 
6.4 
6.3 
6.2 
5.9 
6.5 
6.9 
6.6 
7.1 
6.4 
6.2 
6.7 
6.6 
6.2 
7.1 


5* 


I 


a 


—2.7 
—1.5 
—0.9 
4-0.7 
+1.7 
+  1.5 
+0.4 

+1.1 

+0.7 

0.0 

+1.1 
-0.1 
—0.5 
+0.8 
+0.7 
—0.9 


the  same  table.  These  numbers  measure  the  relative  strength  of  the 
impressed  field  superposed  upon  the  earth's  normal  field;  also  the 
mean  annual  variation,  whieh  is  the  average  range  in  amplitude,  and 
expresses  the  tendency  to  depart  from  a  uniform  normal  field.  On 
Table  29,  under  mean  dates,  is  given  the  mean  of  the  dates  on  which 
the  successive  periods  began  for  the  years  considered.  The  mean  of 
the  tabular  values  for  the  columns  and  rows  gives  the  tendency  in 
this  force  to  vary  throughout  the  year,  and  also  from  year  to  year. 
It  shows  a  positive  synchronism  with  the  spotted  area  in  the  secular 
period;  but  in  the  annual  period  merely  irregularities  which  may  pos- 
sibly contain  sjrmptoms  of  the  inversion  phenomenon.  It  will  be 
necessary  for  students  holding  the  view  of  atmospheric  electric  cur- 
rents as  the  cause  of  these  phenomena  to  show  how  it  is  that  the 
secular  variation  is  pronounced  and  synchronous  with  the  sun-spot 
period,  while  the  annual  shows  no  tendency  to  exhibit  a  variation  with 
the  sun's  declination,  upon  which  the  entire  system  of  meteorological 
convective  currents  primarily  depends  and  to  which  the  currents  them- 
selves are  referred.  Diagrams  of  the  secular  curves  are  found  on  Ghart 
24,  and  may  be  consulted  in  passing. 

3.  An  exactly  parallel  discussion  of  the  pressure  and  the  temperature 
data  of  Tables  22, 23,  and  of  the  other  years  of  the  series  1878-1894  is 
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collected  on  Table  29,  the  seciuar  aud  annual  means  being  taken.  These 
are  transferred  to  Table  30,  and  plotted  on  Ohart  24.  Likewise  the  mean 
annual  temperature  of  80  stations  in  the  United  States,  also  of  25 
northwest  stations,  has  been  computed,  the  results  being  similar  to 
those  before  presented.  To  conform  with  the  sun-8i)ot  curve,  the  tern 
I>erature  curve  is  inverted,  and  the  pressure  is  direct.  This  means  that 
an  increase  of  solar  magnetic  intensity  is  synchronous  with  a  diminu- 
tion of  temx)6rature,  but  with  an  increase  of  pressure,  and  this  function 
persists  throughout  every  phase  of  the  research.  In  spite  of  some 
irregularity,  there  is  a  distinct  conformity  in  the  general  sweep  of  these 
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Ceabt  24.— Diagiam  of  the  relatiye  aeoalar  YaiiAtionB  In  the  Bim  spota,  the  European  magnetic  field, 

and  the  American  meteorological  syBtem. 

curves,  and  also  in  the  tendency  to  describe  crests  during  the  same 
years.  Indeed,  the  occurence  of  four  subordinate  crests  in  the  11-year 
periods  suggests  strongly  that  a  2^-year  period  is  superposed  upon  the 
long  sweep  of  that  periodic  curve.  Apparently  this  is  more  at  the  basis 
of  the  seasonal  variations  of  the  weather  conditions  of  the  United 
States  than  anything  else,  so  that  in  long-range  forecasting  this  period 
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must  be  very  carefully  considered.  Unfortanately  the  great  labor  of 
computing  the  component  <f  for  many  years,  and  the  fact  that  the  north- 
west temperature  observations  are  not  complete  previous  to  the  year  1878, 
makes  it  difficult  to  trace  the  variations  backward.  The  lapse  of  time 
will,  however,  enable  us  in  the  future  to  confirm  this  periodicity,  if  it 
persists. 

RELATIVE  EFFIOIENOT  OF  THE  SEVERAL  FORCES. 

In  order  to  estimate  the  approximate  efficiency  of  the  external  mag- 
netic field  in  affecting  the  meteorological  elements,  it  is  seen.  Table  29, 
tliat  the  annual  range  of  temperature  was  about  60^  F.,  while  in  the 
secular  period  it  was  about  7^  or  8^ — that  is,  one-eighth  as  large.     The 
magnetic  field  has  probably  about  one-eighth  of  the  power  of  the  com- 
mon insolation  to  change  the  temperatures  of  the  Dakota  region.    The 
action,  of  course,  is  very  complicated,  being  propagated  through   the 
convectional  system,  whereby  highs  and  lows  traverse  that  district, 
but  yet  its  efficiency  represents  an  important  though  indirect  part  of 
the  temperature  force  operating  in  the  interior  of  the  North  American 
continent.    In  the  same  way  the  mean  annual  range  in  pressure  is 
about  0.24  of  an  inch  of  mercury,  while  in  the  secular  i)eriod  it  is 
about  0.08  of  an  inch — that  is,  one-third  the  annual  change.    I  have 
therefore  felt  justified  in  believing  that  about  25  or  30  x>er  cent  of  the 
weather  conditions  of  the  Dakota  region  are  very  closely  connected 
with  the  magnetic  sources.    It  may  be  stated  that  the  application  of 
the  ephemeris  and  periodic  curve  to  the  northwest  would  forecast  about 
75  per  cent  of  the  crests,  provided  the  exact  time  of  inversion  of  the 
curve  were  known  in  advance.    It  is  this  complication  which  has  pre- 
vented the  scheme  having  an  immediate  value  for  practical  work.    At 
present  the  conditions  are  not  sufficiently  well  understood  to  venture 
on  the  public  forecasts,  and  I  suppose  that  the  required  final  knowledge 
of  the  physical  conditions  will  only  come  as  the  result  of  a  long  cam- 
paign, which  implies  the  establishment  of  permanent  observatories  on 
Northern  Rocky  Mountain  Slope.    The  total  lack  of  magnetic  obser- 
vations there  is  a  great  obstacle  to  the  suitable  completion  of  this 
research  and  to  securing  a  practical  result. 

The  annual  range  in  the  pressure  amplitudes — that  is,  the  extreme 
tendencies  to  strong  or  weak  highs  and  lows,  respectively,  which  are 
characteristic  of  the  winter  and  the  summer  season — is  about  0.08  of  an 
inch,  while  the  secular  range  is  about  00.4  of  an  inch — that  is,  50  per 
cent.  One  of  the  most  marked  features  of  the  study  of  the  curves  of 
magnetic  and  meteorological  elements  from  year  to  year  is  the  fact  that 
in  some  years  the  curves  are  turbulent  and  in  others  quiet.  The 
gradual  change  from  one  extreme  to  the  other,  which  has  occurred 
several  times  in  the  magnetic  curves  since  1841,  leaves  the  impression 
that  the  solar  action  is  persistent,  but  going  through  secular  variations. 
To  reverse  this  view,  as  the  theory  of  upper  air  electric  currents 
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requires,  is  unsound,  since  it  implies  that  the  earth's  magnetic  field 
influences  the  sun  itself.  Unless  it  can  be  shown  by  observations  that 
the  electromagnetic  field  has  a  secular  variation  in  intensity,  these 
slow  changes  can  not  be  referred  to  that  radiation  as  their  cause. 
This  has  never  been  done,  the  results  of  observation  being  negative. 
On  the  other  hand,  the  observational  proof  of  the  variation  of  the 
direct  magnetic  field  is  clear  and  of  a  kind  to  accord  with  the  nature 
of  the  observed  eiiects.  The  annual  range  in  temperature  amplitudes 
is  about  6^  F.,  and  the  secular  range  about  l^.  The  data  appears  on 
the  twelfth  column  of  Table  30. 

An  extensive  computation  of  the  location  of  the  mean  tracks  of  the 
highs  and  lows  of  the  United  States,  whose  results  are  mentioned  in 
Bulletin  No.  20  of  the  Weather  Bureau,  has  been  executed,  to  the  fol- 
lowing effect.  The  mean  position  of  the  highs  and  lows  as  they  drift 
eastward  go  through  a  series  of  accelerations  and  retardations;  also 
the  mean  tracks  change  their  location,  as  a  whole,  in  latitude.  This 
computation  includes  the  cold-wave  tracks.  The  result  is  placed  in 
columns  6-11  of  Table  30.  The  value  of  the  units  in  inches  is  indi- 
cated, and  the  fact  that  the  longitude  curves  are  inverted,  while  the 
latitude  curves  are  direct.  This  means  that  in  years  of  increased 
magnetic  impulse  the  tracks  lie  farther  north  and  the  eastward  move- 
ments are  slower  by  the  amount  indicated,  the  extremes  being  about 
150  miles  east  and  west  and  40  miles  north  and  south  for  the  highs  and 
lows;  the  cold-wave  tracks  are  more  to  the. north  in  the  stronger  mag- 
netic years.  The  curves  conform  to  the  type  set  by  the  magnetic  curve 
and  should  individually  be  compared  with  it.  If  it  be  assumed  that 
each  of  the  individual  curves  here  brought  forward  from  the  American 
meteorological  system,  is  a  more  or  less  accurate  measure  of  the  action 
of  that  force  which  causes  the  changes  synchronously  in  all  the  ele- 
ments, then  the  mean  of  the  ordinates  of  these  meteorological  curves 
will  furnish  the  average  type,  which  is  given  in  the  last  column  of 
Table  30,  and  the  third  curve  of  Ohart  24.  A  comparison  of  this  mean 
American  meteorological  curve  with  the  European  magnetic  curve, 
certainly  shows  conformity  to  such  an  extent  as  to  exclude  merely 
accidental  physical  relations.  Should  such  a  result  be  obtained  also  in 
the  future,  it  will  be  a  demonstration  of  the  synchronism  of  the  two 
systems  of  forces  under  consideration. 
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SOME   MISCELLANEOUS  DATA   SHOWING   SYNCHRONISM    IN   THE   26.68- 

DAY  PERIOD. 

It  is,  perhaps,  unnecessary  to  adduce  more  evidence  of  the  inter- 
dependence of  these  forces;  but  it  may  be  stated  tliat  one  can  hardly 
attack  any  of  the  meteorological  problems  by  means  of  the  26.68-day 
period,  provided  that  the  eastward  drift  be  allowed  for  with  the  accom- 
panying convectioual  changes,  without  reproducing  the  normal  curve 
with*  some  degree  of  precision.  Usually  it  requires  many  observations 
to  do  so;  but  this  is,  of  course,  due  to  the  necessity  of  separating 
indirectly  the  two  closely  interwoven  systems.  In  the  magnetic  field, 
the  auroras,  and  the  earth's  currents  the  time  correction  is  not  needed. 
In  the  extreme  northwest  the  time  is  the  same;  but  everywhere  else 
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Cbabt  25.— Diagram  of  the  magnetlo  foroe,  hurricaiie  freqnenoy,  movement  In  longitade,  and  nnmber 

of  highs  ADd  lowB  in  the  26.88-day  period. 

the  ophemeris  mnst  be  adjusted  for  longitude  to  the  place  of  operation. 
As  further  examples  we  may  incite  the  following  curves  of  Ohart  25 
from  the  values  collected  on  Table  31. 

No.  1  is  the  typical  solar  magnetic  curve  alrea<ly  found.  Ko.  2  is 
the  relative  frequency  of  the  occurrence  of  the  West  Indies  hurricanes 
for  the  years  1874-1893,  as  given  in  Table  31,  and  it  shows  a  tendency 
to  form  such  storms  along  with  the  increase  of  the  magnetic  impressed- 
force.  No.  4  is  the  curve  of  the  relative  frequency  in  the  number  of 
high  and  low  centers  counted  on  the  International  Charts  for  1883 
and  1887.  It  displays  the  same  general  impulse.  Apparently  the 
entire  hemisphere  at  certain  dates  breaks  out  into  more  rapid  circula 
tion,  whereby  the  large  highs  disintegrate  into  smaller  parts,  and  the 
number  of  cyclonic  centers  is  at  the  same  time  increased.  From  the 
10305— No.  21 9 
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tabulations  of  the  positions  of  the  storms  tracks  of  the  United  States 
when  collected  in  the  26.68-day  period,  the  summary  in  curve  No.  3 
shows  a  tendency  to  produce  the  same  fundamental  curve  as  the 
magnetic  impulse. 

It  is  seen  from  the  foregoing  exposition  of  the  data  that  the  syn- 
chronism between  the  magnetic  field  and  the  meteorological  elements 
persists  from  day  to  day,  in  short  and  in  long  periods,  and  under  a 
great  variety  of  geographical  conditions.  Reasons  have  been  given 
for  accepting  the  view  of  the  direct  solar  magnetic  action,  based  upon 
the  direction  of  the  impressed  vectors,  their  periodicity  in  a  rotation 
time  agreeing  with  that  of  the  sun  at  its  equator,  and  also  in  the 
11-year  period  of  the  sun-spot  frequency.  It  was  shown  that  the 
arguments  usually  accepted  as  decisive  against  direct  action  are  partly 
misconceived  by  reason  of  the  mistaken  identification  of  the  observed 
diurnal  variations  with  the  direct  polar  field  of  the  sun,  whQe  our 
exposition  shows  that  these  belong  to  the  electro-magnetic  field,  and 
not  to  the  direct  field  at  all.  Compare  the  argument  of  Chambers 
reviewed  in  Chapter  1,  page  17.  The  extreme  difficulty  of  assigning  to 
hypothetical  electric  currents  of  the  upper  atmosphere  such  sources 
and  activities  as  will  account  for  the  operation  of  the  magnetic  varia- 
tions over  the  entire  earth  simultaneously  in  short  and  long  impulses, 
as  well  as  the  impossibility  of  transmitting  tlie  observed  changes  on 
the  earth  to  the  sun  in  order  to  explain  the  observetl  operations  there, 
influences  us  to  advocate  the  direct  magnetic  action  of  the  sun  as  the 
cause,  while  the  atmospheric  currents  of  electricity  and  the  convectional 
currents  are  synchronously  dependent  upon  it.  There  is  no  disi)ositiou 
to  minimize  the  efficiency  of  the  tropical  insolation  in  its  effects  upon 
the  atmosphere,  but  merely  to  supplement  it  with  such  forces  as  are 
called  for  by  known  facts,  in  order  to  explain  fully  the  entire  range 
of  the  phenomena  of  terrestrial  magnetism  and  meteorology. 


Chapter  6. 

solar  magnetism. 

the  solar  coronas  of  july  29,  1878,  january  1,  1889,  december  22, 

1889. 

Having  reviewed  the  material  at  oar  disposal  analyzed  to  show 
the  variations  of  the  terrestrial  magnetic  field  and  the  synchronous 
changes  among  the  meteorological  elements  of  the  atmosphere,  it  is 
fitting  to  collect  such  evidence  as  we  possess  of  the  magnetic  state  of 
the  sun  itself.  The  strongest  line  of  argument  is  of  course  the  one 
traversed,  namely,  that  there  is  an  impressed  external  field  of  force 
within  the  earth's  field  whose  representative  curve  is  periodic,  the 
period  agreeing  very  closely  with  the  well-known  visible  rotation  of  the 
sun's  photosphere  at  its  equator.  The  explanation  of  the  inversion  of 
type  of  the  impressed  field,  to  be  taken  up  in  the  course  of  this  chapter, 
constitutes  the  most  uncompromising  evidence  in  favor  of  the  view  that 
the  direct  action  of  the  sun's  magnetic  force  is  at  the  basis  of  the 
observed  variations  of  the  earth's  magnetic  field,  other  than  the  diurnal 
variations  and  the  annual  changes  peculiar  to  these. 

It  is  proper  to  recall  that  this  investigation  had  its  beginnings  in  a 
study  of  the  rays  of  the  solar  corona,  visible  during  eclipses,  and  that 
the  proposition  then  was  to  explain  their  apparent  curvature  by  the 
equation  representing  the  lines  of  force  of  the  magnetic  field  surround- 
ing a  spherical  magnet.  The  leading  results  will  be  mentioned  here, 
but  without  the  details  contained  in  the  original  papers.*  On  charts 
26,  27,  28  are  seen  the  diagrams  of  the  coronas  of  the  eclipses  July  29, 
1878,  January  1 ,  1889,  December  22, 1889,  plotted  as  dotted  lines.  These 
eclipses  occurred  near  the  minimum  of  the  sun  spot  disturbances.  Chart 
30,  and  such  occasions  seem  to  be  the  only  ones  when  the  sun  is  suffi- 
ciently quiet  to  exhibit  the  normal,  undisturbed  state  of  its  typical 
system.  Other  eclipses  give  very  confused  pictures  of  coronal  lines, 
and  are  unsuited  for  studying  the  problem  in  hand.  The  lines  appear- 
ing on  a  photograph  of  the  corona  are  of  course  rifts  in  the  material 
surrounding  the  sun,  seen  projected  on  a  plane  perpendicular  to  the  line 
of  sight.  A  magnetic  solar  field  may  have  the  power  to  arrange  this 
material  approximately  along  the  lines  of  force,  just  as  is  the  case  with 
the  iron  fillings  used  in  tracing  out  a  field  around  a  steel  magnet. 


•Compare  Amer.  Joarn.  8ci.,  Nov.,  1890;  July,  1891.    Astron.  Soo.  Pac,  No.  14, 
1891 ;  No.  16,  1891.    The  Solar  Corona.    Smithsonian  Institution,  1889. 
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Chakt  26.— Compariflon  of  the  model  with  the  ooitniAl  lines  for  the  edipae,  July  89, 1818. 


133 


jA£  If 


Cbabt  27 — Comparison  of  tlie  model  with  the  coronal  linea  for  the  eclipse,  Janaary  1,  1889. 
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Chart  28 — Comparison  of  the  model  with  the  coronal  lines  for  the  eclipse,  December  22,  1889. 
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Hence,  these  visible  lines  can  be  employed  in  discussing  the  geometri- 
cal system  thus  mapped  out.  The  dotted  lines  on  the  charts  simply 
reproduce  the  available  rifts  traced  on  the  negatives,  and  in  this  respect 
they  merely  stand  for  the  original  photographs  taken  during  the  eclipse. 

Equation  of  the  lines  of  force,  I^=  ^/  ®^^'^. 

3      r 

The  measured  line  is  that  projected  from  its  true  position  in  space  upon 

the  plane  through  the  center  of  the  sun,  perpendicular  to  the  line  of 

sight.    Prom  the  coordinates  (r.  6,)  of  points  on  the  photograph  of  an 

individual  ray  we  compute  the  corresponding  values  on  the  ray  itself 

before  projected  from  the  original  plane,  which  makes  the  angle  a  with 

the  plane  of  projection. 

it?  =  r  sin  6, 

y=r  cos  6, 
r=  y/j^+y'^* 

,.2  «.2 

sin^^=      = 

As  a  first  approximation,  suppose  the  axis  of  the  sun  to  be  perpendicular 
to  the  plane  of  the  ecliptic,  so  that  the  projected  point  would  move 
across  the  disk  during  rotation  in  a  line  parallel  to  the  ecliptic. 

X  Y  =  true  position. 
r  sin  6  =  radius  of  revolution. 
jr  =  X  cos  (x  =  r  sin  6  cos  a. 

y  =  Y. 

Stt  x"  Stt  r-2sin2<9 


N  = 


3  •    (j^+y^) »/,       3  '    {r^  sin »>^  sec  V  +  r^  cos  ^f^)  'V 


Since  the  coordinates  (n  ^i),  (r2  ft),  (r^  O-^)  are  assumed  to  belong  to 
the  same  line  of  force,  we  have, 

Ti^  sin  ^^1 rg  sin  ^ft 

(ri"^sin^6'i^ec  '^n  +  r{^  cos '^^lY^*  "^  {r-/  sin  "^6^2  sec  '^a  +  r^  cos *^i)V«* 

Take  for  abbreviation,  Xi  =  tx  sin  ^i ;     X2  =  r^  sin  Q-i 

Yi  =  r]  cos  ^1 ;     Y2  =  ^2  cos  ft, 

and  we  obtain,  v-  ^3  v^      v^  ^  V^ 

Xi'^X'^-Xa/'X' 
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If  da  is  the  angular  distance  from  tbe  coronal  pole  at  which  the  ray 
reaches  the  surface  of  the  sun,  in  the  plane  making  the  angle  a  with  the 
plane  of  the  disk, 

^^^  ^^  -  [x"  sec  'a  +  j^)V, 

Tlie  detailed  results  of  the  computation  may  be  found  in  the  publica- 
tions of  the  Astronomical  Society  of  tbe  Pacific  (Vol.  Ill,  No.  16, 1891). 
The  value  of  ^o  for  each  measured  ray,  in  the  several  quadrants  of  the 
three  coronas  specified,  are  reproduced  in  Table  32.  An  inspection  of 
these  angles,  from  the  base  of  the  rays  to  the  poles  of  the  suu — more 
properly  to  the  pole  of  the  magnetic  system — shows  that  there  is  a 
remarkably  persistent  law,  according  to  which  these  rays  spring  from 
the  sun  in  a  narrow  belt  10°  or  15°  wide,  whose  central  circle  is  32^38' 
polar  distance  for  these  coronas.  The  corona  bases  of  1889  are  on  the 
average  about  2^  nearer  the  poles  than  those  of  1878.  It  may  be 
observed  that  these  results  do  not  favor  the  view  that  the  base  of  the 
visible  coronal  rays  lies  within  the  sun-spot  belt.  Hence  any  theory 
depending  upon  that  supposition  must  draw  upon  other  observational 
data  than  that  immediately  under  consideration  for  its  support.  If  the 
confused  mass  of  rays,  usually  seen  along  the  equatorial  regions  of  the 
sun,  proceeds  from  lower  latitudes  than  the  coronal  belt,  as  they  should 
according  to  this  scheme  of  magnetic  lines  offeree,  then  their  individ- 
uality is  lost  in  the  superposition  caused  by  the  optical  projection.  The 
massing  of  the  coronal  lines  in  the  well-known  four  quadrantal  pro- 
tuberances is  naturally  explained  by  the  geometrical  distribution  here 
advocated ;  the  open  array  of  the  rays  in  the  polar  regions  is  also  like- 
wise accounted  for  conformably  with  it.  Why  the  rays  should  develop 
separately  along  the  belt  indicated  is  not  understood.  The  analogy 
with  the  terrestrial  auroral  lines  is  very  plausible,  but  probably  mis- 
leading, since,  according  to  the  exposition  in  an  earlier  chapter,  those 
were  due  to  the  action  of  a  permeable  shell  placed  in  an  external  field 
of  magnetic  force;  but  we  can  connect  the  sun  with  no  such  independ- 
ent exterior  field. 

Continuing  the  detailed  computation  referred  to  in  the  paper  of  the 
A.  9.  P.,  it  was  found  that  the  poles  of  the  corona  appeared  to  be  4.5^ 
from  the  sun's  poles;  also  separated  by  about  100°  in  longitude,  the 
south  i)ole  preceding.  The  computation  in  the  same  paper  regarding 
the  period  of  rotation  proves  to  be  incorrect,  because  the  wrong  number 
of  revolutions  was  assumed  between  January  1  and  December  22, 1889. 
It  should  have  been  13  instead  of  12.  This  subject  may  be  taken  up 
again  some  time,  especially  if  another  satisfactory  photograph  of  the 
corona,  showing  separate  coronal  lines,  can  be  secured. 

A  model  of  the  coronal  streamers  was  now  constructed  from  this  data, 
by  inserting  wires  on  a  ball  5  inches  in  diameter  along  two  belts,  one 
in  either  bemisi)here,  at  the  mean  polar  distance  of  S.P,  measured  from 
two  i)oints  taken  as  the  poles  of  magnetization.    These  are  located  5^ 
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from  the  axis  of  rotation  of  the  ball,  the  lower  100^  in  advance  of  the 
upper.  Tlie  wires  have  the  curvature  conforming  to  the  lines  of  force 
at  the  given  polar  distance  as  developed  from  the  ordinary  formula. 
The  ball  was  then  mounted  on  a  stand  whose  base  represents  the  plane 
of  the  ecliptic,  having  an  axis  inclined  at  7^  to  that  plane.  If  this  is 
in  reality  a  counterpart  of  the  sun's  coronal  structure,  then  it  is  only 
necessary  to  locate  the  ball  in  agreement  with  the  relative  positions  of 
the  sun  and  the  earth  at  the  eclipse,  assuming  that  the  south  coronal 
]K)le  is  on  the  central  meridian  of  the  sun  at  the  beginning  of  the  periods 
of  the  20.68  day  ephemeris.  These  positions  of  the  sun  and  earth  can 
be  found  on  the  accompanying  Table  33  for  seven  eclipse  dates.  At 
any  date  corresponding  to  the  day  of  the  ephemeris  beginning  a  new 
period,  as  given  in  the  third  line  of  the  table,  the  south  coronal  pole 
should  be  central  on  the  sun  toward  the  earth;  at  any  other  date  pro- 
portionately advanced.  The  direction  of  the  earth  from  the  sun,  rela- 
tive to  the  axis  of  rotation,  at  any  date  is  well  known  from  the  spherical 
triangle  K.  B.  E.  Hence  the  model  can  be  set  according  to  this  pro- 
visional data  for  any  desired  epoch. 

Tablk  'S3, — ('ompuiaiian  of  the  longitudes  of  the  coronal  poles  at  seven  eclipses  brtioeen 

1878  and  1S9S. 


Year. 


Date  of  eclipse,  G.  M.  T 

Do 

Next  preceding  epoch 

Elapsed  interval,  days 

Elapsed  interval,  degrrees 

Longitude  of  sun 

Reduction  to  heliocentric  longitude 

A pproxiniat4>  heliocentric  longitude  of  S.  coronal  pole  . . 
Approximate  beliocei:tric  longitude  of  N.  coronal  pole. . 
Heliocentric  longitude  of  the  earth  at  the  eclipse 

'  —  _  -         -  - 

Year.  1886. 


1878. 


1882. 


1883. 


d      b    m 

d     h     » 

4       k       M 

July  29    9  23 
July  29. 39 
July  14.  26 

15.13 

o 

Mav  16  10  42 
,  May  16. 82 

May    i.32 
'            15.50 

o 

1  May    6    9  45 
May    6.41 
Apr.  13.  46 

23.95 

o 

219.1 
112.2 
180.0 
161.3 
55.3 
306.6 

224.4 
41.3 

180.0 
85.7 

339.7 

236.3 

346. 8 
23.8 

180.0 

190.6 
84.6 

226.0 

1889. 


1889. 


1803. 


d      b    m 


h      IB 


Date  of  eclipse,  G.  M.  T 
Do 


Aug.  29    0  59 
Aug.  29. 04 


Next  preceding  epoch A  ug.  22. 74 

Elapsed  interval,  days 6.30 

o 

92.5 
150.0 
180.0 

62.5 


Elapsed  interval,  degrees 

Longitude  of  sun 

Reduction  to  heliocentric  longitude 

Approximate  heliocentric  longitude  of  S. 

coronal  pole. 
Approximate  heliocentric  longitude  of  N. 

coronal  pole. 
Heliocentric  longitude  df  the  earth  at  the 

eclipse. 


316.5 
336.0 


Jan.   I    0 

Jnn.   1.30 

Dec.  23. 50 

8.89 

128.7 
272.  7 
180.0 
221.4 

115.4 

101.  7 


10 


d       b     w 

Dec.  22    0  53 
Dec.  22. 04 
Dec.    5.34 

16.70 

o 

241.8 
254.1 
180.0 
315.9 

209.9 

90.9 


d  b  « 

Apr.  16  2  27 
Apr.  16. 10 
Apr.  15.  GO 
0.50 

o 

7.2 

26.8 

180.0 

214.0 

108.0 

206.8 


This  was  accordingly  done  for  the  three  coronas  under  discussion; 
then  the  model  was  projected  upon  a  screen,  and  the  lines  of  the  wires 
carefully  traced  on  paper.  Finally  these  projected  lines,  including  the 
poles  of  the  sun's  axis,  earth's  axis,  axis  of  ecliptic,  and  the  coronal 
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poles,  9.  E.  K.  0.  respectively,  were  superposed  upoi)  tbe  drawings  of 
the  eclipse,  previously  described  as  the  dotted  lines,  where  they  appear 
on  the  charts  26,  27,  28  as  heavy  solid  lines.  Of  course,  the  poles  K.  S. 
IB.  are  located  with  no  uncertainty,  the  only  question  pertaining  to  this 
investigation  being  the  agreement  of  the  poles  0  C  of  the  model  and 
photograph  respectively.  These  are  given  as  double  lines,  and  it  may 
easily  be  seen  that  their  coincidence  under  three  such  diverse  conditions 
is  remarkable,  taking  both  hemispheres  into  consideration.  The  line  0 
is  the  axis  of  the  model,  located  by  computation  only  and  therefore 
mechanically  placed,  since  it  may  be  predicted  for  any  date,  according 
to  the  ephemeris.  The  line  C  was  drawn  upon  the  eclipse  photo- 
graph, and  it  is  that  line  to  which  the  central  polar  ray  is  apparently 
t^ingential,  allowing  a  balanced  curvature  of  the  other  rays  on  either 
side,  by  means  of  which  a  polar  point  was  selected,  and  from  which  all 
the  polar  angles  on  the  photograph  were  measured  with  the  engine  of 
the  Transit  of  Venus  Commission. 

An  intercomparison  of  these  three  charts  shows  a  conformity  in 
many  respects  bi  tween  the  model  and  the  photograph  of  the  corona 
which  is  iuteresting.    There  are  some  gaps  in  the  available  measured 
lines  of  the  photographs,  as  the  N.  W.  quadrant,  January  1, 1889,  and 
the  S.  E.  quadrant,  December  22, 1889,  where  the  density  of  the  liglit 
on  the  negative  was  too  continuous  to  trace  any  rifts.    Yet  on  the  whole, 
it  is  instructive  to  find  that  the  same  model,  constructed  on  a  definite 
geometrical  plan,  should,  by  merely  turning  it  into  ])ositions  fixed  by 
astronomical  coordinates,  agree  even  to  this  extent  with  the  corona 
pictures.    This  is  especially  true  of  the  poles  0  C;  of  the  accumulation 
of  the  rays  to  the  right  or  left  of  the  axis  of  the  ecliptic  K;  and  finally 
of  the  trend  of  the  individual  rays.    One  can  be  easily  convinced  that 
this  conformity  is  not  accidental  by  changing  the  location  of  the  wires 
on  the  ball  or  by  changing  the  assumed  rotation  period  of  26,68  days. 
Concerning  the  corona  of  1893,  for  whose  position  I  made  a  nrediction, 
published  in  Astronomy  and  Astrophysics  No.  119,  it  may  be  said  that 
the  photographs  of  that  ei;lipse,  kindly  loaned  by  the  Lick  and  the 
Harvard  College  observatories,  were  not  such  as  to  admit  tracing  out 
with  certainty  the  coronal  axis.    This  was  due  to  the  character  of  the 
corona  occurring  at  the  sun  spot  maximum,  when  the  force  producing 
the  rays  was  apparently  very  turbulent;  and  to  the  fact  that  the  rays 
were  much  burned  on  the  film  of  the  gelatine  dry  plate  near  the  disk, 
whenever  they  were  also  taken  at  a  distance  from  the  moon's  disk.    It 
M'ould  be  better  to  use  wet  plates  in  order  to  secure  the  same  ray  through 
a  long  radial  distance.    Composite  rays  are  not  adapted  to  accurate 
measurements    without     preliminary    adjustments,  which    must    be 
embodied  in  the  computations.    It  seemed  probable,  however,  on  exam- 
ination, that  the  axis  of  the  corona  as  seen  at  the  eclipse  was  on  the 
side  of  the  axis  of  the  ecliptic  required  by  my  forecast,  but  the  asser- 
tion could   hardly  be  ventured.    On  the  whole,  viewing  the  entire 
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Table  34. — Sun-ipoi  areas  distributed  in  the  SS.OS-dajf  period. 
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Table  34. — Sun-spot  areas  distributed  in  the  26,68'da}^  period. 

NORTHERN  HEMISPHERE. 
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When  this  resalt  was  first  obtained^  I  hoped  to  find  in  it  a  clew  to 
the  law  of  the  inversion  of  the  type  carve  detected  in  the  earth's  field, 
bat  a  i)er8istent  stady  of  the  i>ossible  physical  relations  of  sach  carves 
to  positive  and  magnetic  fields  &iled  to  disclose  any  rational  explana- 
tion of  the  connection  along  these  lines,  and  this  phenomenon  is  there- 
fore left  to  stand  by  itself  for  what  it  is  worth.  It  is  certainly  a 
remarkable  coincidence,  if  in  reality  it  is  nothing  more.  There  may  be 
some  reason  in  the  physics  of  the  san  why  the  spots  tend  to  form 
along  the  several  meridians,  with  excess  and  defect  on  the  same  merid- 
ian in  the  opposite  hemispheres,  dae  to  the  so-called  x)ositive  and 
negative  magnetism,  bat  no  definite  snggestion  is  here  advanced. 
Regarding  the  sidling  to  the  right  and  left  there  is  more  to  be  said, 
becanse,  as  already  shown,  the  soath  coronal  pole  appears  to  stand  a 
qnadrant  in  advance  of  the  northern,  so  that  the  magnetic  meridians 
shonld  be  drawn  downward  and  to  the  right  across  the  disk,  cansiug 
soathem  spots  to  be  in  advance  and  northern  behind  the  point  where 
the  magnetic  meridian  crosses  the  solar  eqaator.  This  also  is  stated 
merely  as  a  suggestion  available  in  a  farther  stady  of  this  carious 
question.  Of  the  main  fact  there  seems,  however,  to  be  no  doubt, 
namely,  that  a  distinct  tendency  exists  to  form  sx>ots  more  frequently 
or  larger  on  certain  meridians  than  on  others,  and  that  the  representa- 
tive curve  conforms  very  closely  to  the  typical  curve  of  the  26.68-day 
period. 

THE  VABIATIONS  OP  LATITUDE  IN  CHANDLEB'S  PEBIOD. 

The  relative  numbers,  taken  year  by  year,  also  require  a  few 
remarks.  They  show  the  sun-spot  frequency  on  the  scale  adopted 
above.  If  we  extract  from  Jahrbuch  der  Astronomic  ji.  Geophysick, 
in,  1892,  p.  14,  the  relative  sun-spot  numbers  of  Wolf,  for  the  years 
1830  to  1892,  and  supplement  them  with  those  given  in  Terrestrial 
McLgnetisniy  Yol.  1,  No.  3,  p.  150,  the  annual  numbers  yield  the  well- 
known  curve  given  on  chart  30.  The  second  curve  of  the  same  is 
plotted  from  the  numbers  of  Tables  34  and  35.  It  shows  a  little  less 
clearly  the  tendency  to  superpose  a  2|-year  period,  already  mentioned 
in  the  preceding  chapter,  upon  the  11-year  period.  The  third  curve  is 
derived  from  Chandler's  formula  for  the  secular  variations  of  the  lati- 
tude of  the  earth's  pole  of  rotation,  as  deduced  from  his  discussion  of 
the  variations  of  declination  of  star  places,  during  the  past  century. 
The  formula  is  <p — ^o= — 0.10''  cos  (t-1830)  30*^,  and  it  gives  maxima 
in  1836, 1848, 1860, 1872, 1884, 1896,  with  minima  in  1842,  1854,  1866, 
1878, 1890. 

I  am  not  in  a  position  to  judge  how  reliable  the  factor  30®  is,  upon 
which  the  recurrence  of  the  maxima  and  minima  depends.  Inasmuch 
as  Chandler's  observational  data  are  of  greater  value  since  the  year 
1830,  and  of  less  accuracy  in  the  eighteenth  century,  the  evident 
agreement  of  the  sun-spot  curve  with  the  latitude  curve  for  half  a 
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century  is  suggestive  of  some  physical  connection.  If  the  30<»  were  to  be 
better  replaced  by  31.5",  then  the  curves  will  coincide  for  an  immense 
length  of  time^  as  it  is,  they  will  run  off  and  coincide  again  in  20 
I)eriods,  225  years.  Now,  since  the  proposed  explanation  of  Chandler's 
secular  12-year  period  of  latitude  variations  does  not  show  how 
this  synchronism  can  occur,  it  may  be  remarked  that  the  physical 
properties  of  the  solar  magnetic  field  developed  above  are  entirely  in 
favor  of  such  a  terrestrial  effect  as  the  one  found  in  astronomical 
observations.  For  if  the  magnetic  field  in  the  neighborhood  of  the 
earth  increases  in  strength  with  the  sun-spot  period,  which  is  unques- 
tioned, then  the  earth,  being  immersed  in  it,  will  be  subject  to  propor- 
tionally stronger  couples,  tending  to  bring  the  axis  of  its  magnetization 
parallel  to  the  mean  direction  of  the  external  field.  As  this  is 
opx)osed  by  the  forces  producing  procession  and  mutation,  we  have  the 
resulting  swing  of  the  earth's  axis  of  rotation  relatively  to  some  nor- 
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Chart  30.— Comparison  uf  the  sun-spot  frequencies  with  Chandler's  long-period  latitude  variation. 

mal  fixed  direction.  If  the  Chandler  period  can  be  reduced  to  agree 
with  the  sun-spot  period,  this  couclasion  will  be  decidedly  the  best 
explanation  of  the  phenomena.  A  computation  firom  astronomical 
data  of  the  force  required  for  this  effect  may  also  afford  another 
determination  of  the  strength  of  the  solar  magnetic  field  outside  the 
earth. 


THE  LAVr  OP  THE  INVERSION  OF  THE  NOBMAL  TYPE  CUBVE. 

The  next  problem  to  consider  is  the  law  of  the  phenomenon  of  inver- 
sion of  the  normal  type  curve,  which  has  been  shown  to  have  an  inti- 
mate connection  with  the  position  of  the  trace  of  the  sun's  axis  of 
rotation  upon  the  plane  of  the  ecliptic.  The  direct  type  prevails  when 
the  earth  is  in  the  quadrants  whose  centers  are  parallel  to  this  trace, 
and  the  inverse  type  in  the  quadrants  whose  centers  are  perpendicular 
to  the  plane  of  the  sun's  axis — the  former  therefore  central  March  6 
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aud  September  6  at  right  angles  to  the  nodes  of  the  sun's  equator,  the 
latter  central  Jane  5  and  December  5,  npon  the  line  of  these  nodes. 
This  conclasion  dei>ends  solely  npon  the  validity  of  the  26.68-day 
ephemeris,  the  correctness  of  the  normal  curve,  and  a  careful  matching 
of  it  with  the  observations  of  the  terrestrial  magnetic  and  meteorolog- 
ical elen?ents  recorded  in  each  period. 

The  FfDlutiou  is  approached  by  analyzing  the  lines  of  force  of  a  dis- 
tant spherical  magnet  whose  axis  coincides  with  that  of  the  sun's  axis 
of  rotation,  the  positive  pole  being  to  the  northward  of  the  plane  of 
the  ecliptic.  An  isolated  positive  magnetic  unit  mass  is  assumed  as 
\he  exploring  point,  which,  if  free  to  move,  will  traverse  the  lines  of 
force  fix)m  the  north  side  to  the  south  side  of  the  ecliptic,  and  thus 
reach  the  earth  upon  its  northern  hemisphere.  The  same  unit  mass 
would  trace  the  course  of  the  lines  iu  the  earth's  magnetic  field  from 
the  southern  into  the  northern  hemisphere— that  is,  in  the  opposite 
direction  to  the  sun's  lines.  In  order  to  draw  the  line  or  tube  that 
leaves  the  sun  and  finally  embraces  the  earth  at  a  given  instant,  or 
would  contain  the  earth  constantly  if  the  rotation  of  the  sun  was  of 
the  i)eriod  365.25  days,  we  have  the  formula, 


'S  =  27r  {iTt  W 1) 


sin^^ 


or  regarding  the  moment 


M  =  VI  =  iTT  K^I  =  unity, 


for  a  type  diagram, 


N  =  2;r. 


8in2<9 


For  the  determination  of  the  constant  N, 

R  =  radius  of  the  sun  _     1 

r  =  thedistauce  of  theeartli  ~  2liA 

Hence,  for  E  =  1,  ^  =  90o  and  r  =  214.4,  N  =  0.02936. 
To  complete  points  along  the  line  N: 
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The  iK)int8  plotted  from  these  coordinates  (r.  6)  in  each  quadrant 
produce  the  curve  of  chart  32  from  the  center,  O,  and  this  system  of 
magnetic  ovals  shows  the  curvature  of  the  lines  in  space  between  the 
sun  and  the  earth.  The  length  of  these  lines  between  the  sun  and  the 
earth  is  92,834,000  miles  multiplied  by  f ,  or  139,251,000  miles,  as  can 
be  found  by  integrating  the  curve  from  0^  to  90°,  for  N,  r,  given  above. 
The  transmission  of  magnetic  energy,  therefore,  is  along  a  path  three- 
halves  the  length  of  that  of  the  linear  electro-magnetic  radiation  for 
the  force  aftecting  the  earth.  Of  course  the  interplanetary  spaces  are 
filled  with  the  same  kind  of  energy,  decreasing  in  intensity  from  the 
sun  outward  in  the  ratio  of  the  inverse  cube  of  the  distance,  and  it  is 
therefore  considerably  greater  in  the  neighborhood  of  the  planets  Venus 
and  Mercury. 

Since  the  axis  of  the  sun,  S,  is  inclined  to  the  axis  of  the  ecliptic,  K, 
at  the  angle  7^,  and  as  before  indicated  the  pole  of  the  corona  is  located 
at  50  from  the  sun's  poles,  the  result  foUows  that  in  the  course  of  the 
year  the  earth  occupies  points  along  the  curve  (r.  6)  from  0°  to  about  12° 
each  side  of  the  longest  diameter  of  the  ovals.  To  compute  the  angles 
at  which  these  solar  lines  approach  the  earth,  in  extreme  positions,  we 
may  take  for  illustration  radii  making  the  angles  ]0<^  from  the  diame- 
ter. The  components  of  magnetic  force  emanating  from  a  close  doublet 
are — 

PA=2  M  along  the  radius. 

PB=M  -— —  perpendicular  to  the  radius. 

PG=resultaut  force,  whose  direction  is  required,  being  the  tangent 
to  the  oval  at  P.  (Chart  32.)  Constructing  a  close  doablet  AB  (Chart 
31),  the  demonstration  proceeds  as  there  written,  following  J.  J.  Thom- 
son, Elements  of  Electricity  and  Magnetism. 
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Chart  31. — Kesolution  «1' forces  iii  a  doublet. 


zof^ 


C/rari-  32. 
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RESOLUTION  OF  FORCES  IN  A  DOUBLET. 
Along  AP=4-—. 
AlongBP=— — . 
Along  OP=--  C08  APO — ^    cos  BPO. 

J(,+?;c«.ej-i(x-2;oo,o). 

-  cos  0        o  w  cos  0  „  .AT 

=:4ae =  2M approximately.  , 

Along  PD=  -  Bin  APO  +  -  -  sin  BPO. 
=  ^  a8ine  +  — aainO. 

=2  a  eain  0=M  -       -  approximately. 

cos  APO = cos  BP0=1  for  small  angle. 

AE a  sin  0 

sin  APO  =  .13 '' 

AP  ri 

AP=OP— AO  cos  0. 

ri^r — a  cos  0. 

ri2=r«— -2  a  r  cos  OH-a«  cos^  6. 
— = — [-  ~    cos  0  approximately. 

1        1      2a         «  .  , 

—  =  _- cos  0  approximately. 

Then  Gauss's  tbeorem  becomes  (chart  32), 

^      /^T>rr     TISr     PB     Msin^  r^  _       z,      TK 

tan  a>=tan  OPT==-— -=--  -= — - — •    - ~=^i  tan  6'=— -— • 

^  PN      PA  r^         2Mco8<9    ^  2  ON 

PN=     2  ON.  0P=3  0N. 

As  this  relation  holds  constantly  on  the  carve  whose  coordinates  are 
r  ^,  a  graphic  construction  is  effected  by  taking  ON=J  r,  drawing  a 
perpendicular  from  N  upon  OT,  and  joining  PT,  which  is  the  tangential 
direction  required.  Since  the  angle  q?  rotates  through  ISQo  while  6 
changes  90^,  the  curvature  of  the  oval  is  rapid. 

For  6^=800,  tan  6/=5.6713,  tan  9=2.8367,  <^=70o  34'=OPT.  OPD 
=1000,  and  TPD=29o  26'.  Similarly  other  angles  for  assumed  values 
of  ff  may  be  found.  The  direction  of  the  radius  of  curvature  at  any 
point  is  obtained  by  drawing  from  F,  where  PF=^  PO,  a  perpendicular 
upon  the  diameter  at  £,  and  connecting  P£;  then  the  length  of  the 
radius  of  curvature  is  found  by  the  usual  formula.  It  is  preceived 
that  at  the  opposite  points,  PP^  our  exploring  magnetic  mass  runs  par- 
allel, and  therefore  the  lines  of  the  solar  field  at  these  x)oint8  are 
directed  parallel  to  each  other,  making  thus  an  angle  of  about  30^ 
with  the  direction,  PD,  of  the  axis  of  x)olarization. 

Chakt  32.— Application  of  OauBs'n  theorem  to  the  conatmction  of  a  magnetic  oval  at  tho  point,  r=208, 
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!Now  consider  the  actaal  relations  between  the  san  and  the  earth. 
Let  K=pole  of  ecliptic,  S=pole  of  the  snn,  E=pole  of  the  earth,  in  the 
astronomical  triangle  at  the  center  of  the  sun  on  Chart  33*  EKS  is 
tnmed  upward  through  a  right  angle,  about  KS,  into  the  plane  of  the 
paper  for  convenience  of  drawing.  The  following  well-known  angular 
relations  exist: 


F 
D 

EOK=G 
KOS  =  H 
tan  F  = 
sin  D 
tan  G 
tan  H 


angnlar  distance  between  the  sun's  equator  and  the  earth's  equator, 
angular  distance  between  the  sun's  equator  and  the  ecliptio. 
angle  at  O  between  poles  K  and  E. 
angle  at  O  between  poles  K  and  S. 
=tan  09  sin  Q. 
sin  I  sin  (0 — ^N).  For  F  and  D,  +  =  south;  — = north, 

tan  GO  cos  0. 
tan  I  cos  (0 — ^N).  For  H  and  G,  +  =  east ;  —  =  west. 

I  =  7°  16'.  N  =  740  0'.  ft?  =  23c  27'. 

Valu€9  of  H  G  D  F. 


Dftte. 


Janiiaiy  1. 
Febmaiy  1 
March  1 . . . 
April  1.... 

Mayl 

Junel 


H 

G 

D 

F 

o  / 

o  / 

o  / 

0  / 

— «28 

4  41 

—3  16 

—23  4 

-^  49 

16  19 

— «  10 

17  45 

-0  25 

22  16 

—7  14 

—  8  10 

322 

23  2 

-6  26 

4  57 

6  5 

18  10 

—8  57 

16  30 

7  14 

8  4 

—0  23 

22  17 

Date. 


Julyl 

Angost  1 . . . 
September  1 
October  1... 
Kovember  1 
December  1 


H 

G 

D 

O  1 

0  / 

o  / 

6  82 

—  4  8 

3  8 

4  9 

16  20 

5  57 

0  38 

—22  3 

7  13 

—3  0 

—23  14 

6  37 

—6  58 

—18  36 

4  9 

—7  14 

—  8  42 

0  85 

O    I 

23  10 

18  85 

860 

-  335 

-15  18 

-23    5 


In  the  course  of  the  revolution  of  the  earth  about  the  sun  ES  is 
seen  under  the  varying  angle  H,  whose  maximum  is  7^  15';  KE  is  seen 
under  the  varying  angle  G,  whose  maximum  is  23^  27',  and  SE  is  seen 
under  the  varying  angle  (H  +  G),  whose  maximum  is  26°  20'.  Viewed 
from  the  earth  on  June  5  and  December  5,  (H  +  G)  =  (7°  +  8©)  =  150; 
and  from  the  earth  on  September  6  and  March  6,  (H  +  G)  =  22o.  On 
the  former  dates  our  sight  line  is  perpendicular  to  the  plane  EOS;  on 
the  latter  it  is  in  the  plane  KOS.  These  are  two  extreme  positions  to 
which  our  exposition  may  be  limited,  other  dates  being  proportionally 
related  to  them. 

According  to  our  supposition,  OS  represents  the  mean  position  of 
the  axis  of  the  coronal  field  during  one  rotation  of  the  sun  on  its  axis, 
and  it  will  therefore  be  temporarily  taken  for  the  axis  of  magnetization 
of  the  sun.  Constructing  the  magnetic  ovals  for  March  6  and  Septem- 
ber 6,  and  conceiving  the  same  system  to  be  rotated  about  the  axis 
OS,  through  90^  for  the  dates  June  5  and  December  5,  the  plane  of  the 
ovals  for  these  dates  is  represented  on  the  diagram  by  the  trace  OS, 
and  the  curvature  involving  the  earth  is  that  of  the  ovals  near  the 
extremity  of  the  diameter.  Throughout  the  motion  of  the  earth  in 
the  orbit  its  mean  magnetic  axis  may  be  taken  to  coincide  with  the 
axis  of  rotation,  for  the  mean  of  the  24-hour  comx)onents  employed  in 

Chabt  83.— Belation  of  the  lines  of  the  roagnetio  ovals  to  the  earth's  axis  at  four  pcists  in  the  orbit. 


15a 

the  computation — that  is,  the  average  composition  of  the  forces  acting 
on  the  earth  during  twenty-four  hours — lies  in  lines  always  parallel  to 
OE  in  its  true  spacial  position.  The  components  at  the  earth  may  be 
resolved  into  KEi  and  EEi.  The  component  EEi  at  the  earth  is  express- 
ive of  the  facts  that  all  magnetic  lines  are  perpendicular  to  the  plane 
of  the  ecliptic  except  in  the  planes  passing  through  the  center  of  the 
sun,  and  that  these  external  lines  fall  upon  the  earth  primarily  at  22^ 
from  its  axis  of  rotation.  The  phenomenon  of  distortion  by  a  permea- 
ble shell  is  omitted  here  from  consideration;  the  axis  of  the  undis- 
turbed external  field  will  touch  the  earth  at  22^  from  the  geographical 
axis  and  describe  a  circle  about  it  daily.  This  may  be  closely  con- 
nected originally  with  the  location  of  the  axis  of  the  principle  magnetic 
moment  of  the  earth  at  about  23^  from  the  poles  of  rotation  and  hav- 
ing a  period  of  three  thousand  one  hundred  and  forty-seven  years.^ 
Practically,  as  already  shown  in  a  preceding  chapter,  the  magnetic 
lines  are  distorted,  and  they  spread  out  over  the  earth  from  the  center 
of  the  auroral  ovals.*  For  puri)oses  of  our  subject  of  inversion  this 
22^  e-omponent  EEi  can  be  laid  aside,  because  it  is  evidently  constant 
throughout  the  year,  in  consequence  of  the  earth  carrying  its  axis 
stifQy  through  the  magnetic  field  always  parallel  to  itself;  the  compo- 
nent EiK  is  the  variable  one  to  consider. 

With  the  other  component  EiK  the  case  is  entirely  different,  since 
the  curvature  and  position  of  the  ovals  now  become  the  leaviing  con- 
sideration. As  already  shown,  the  September  G  position  is  above  the 
diameter  of  the  oval  on  the  average  7^,  which  rises  to  12°  during  the 
rotation  of  the  coronal  field,  its  pole  being  5^  from  sun's  axis.  At 
^=83o,  9=76o  12',  and  hence  MPS  (Chart  33)=TPD  (Chart  32)=210; 
for  ^=800,  MPS=30o.  Since  SPEi=H+G=15o,  we  have  MPEi  vary- 
ing from  Q^  to  15^,  so  that  the  magnetic  lines  always  fall  on  the  earth 
upon  the  same  side  of  the  plane  EOK  containing  the  earth's  axis.  At 
March  6  the  earth  is  below  the  diameter  of  the  sun's  magnetic  ovals^ 
but  precisely  the  same  facts  hold  true  regarding  the  positive  magnetic 
exploring  x>ole  which  approaches  the  earth  along  the  line  MP,  being 
parallel  to  the  September  line  PM. 

As  the  earth  passes  along  its  orbit,  from  March  6  it  gradually 
approaches  the  diameter  of  the  ovals  and  reaches  it  on  June  5.  The 
magnetic  lines  are  perpendicular  to  the  radius  vector  there,  since  for 
&  =  90°,  q)  =  90O,  but  the  plane  containing  the  magnetic  line  is  now 
parallel  to  SO,  which  makes  the  angle  SOEi  =  15o  with  the  plane  of  the 
earth's  axis,  now,  however,  on  the  opposite  side  of  it  from  the  March 
date.  In  the  same  way  at  December  5  the  magnetic  field  is  again  par- 
allel to  SO;  MO  for  June  5  and  December  5  is  drawn  parallel  to  SO. 

We  have  thus  shown  that  the  only  variable  component  of  the  solar 
magnetic  field  effectively  approaches  the  earth  from  north  to  south. 


1  V.  Carlheim-Gyllenskuldy  L'attraction  Magndtiqae  de  la  Terre,  p.  24. 
'  Van  Bemmelen. 
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first  on  one  side  of  the  plane  of  the  earth's  axis,  in  March  and  Septem- 
ber, and  second  on  the  opposite  side,  in  June  and  December.  The 
efiect  is  to  place  the  earth  as  a  magnetized  sphere  in  two  sets  of  opi)o- 
site  coaples  during  the  course  of  a  year,  and  we  have  only  to  trace  out 
the  action  of  such  couple  systems  of  magnetic  forces  within  the  earth's 
field  to  show  that  the  observed  phenomenon  of  inversion  of  the  curve 
of  typical  strength  of  the  solar  field  from  meridian  to  meridian  is  a 
direct  conseqnence  of  such  shifting  of  the  direction  of  an  external 
field.  The  case  may  be  summarized  by  saying  that  tbe  inverse  type  is 
the  one  due  to  the  magnetic  action  in  the  plane  of  the  ovals  inclined  at 
an  angle  SOEi  to  that  component  of  the  earth's  axis  resolved  perpendic- 
ular to  the  plane  containing  the  trace  of  the  sun's  axis,  POS,  and  the 
direct  type  of  the  efiect  of  tbe  curvature  of  the  ovals  themselves  in 
their  own  planes.  The  same  sequence  would  be  found  by  turning  the 
arc  of  the  oval  about  an  axis  and  sliding  tbe  point  of  contact  up  and 
down  the  line  of  force  as  required  by  the  astronomical  coordinates. 

It  may  be  remarked  that  the  fact  of  the  discovery  of  the  direct  type  in 
the  computation  before  the  inverse  type,  is  due  to  tbe  somewhat  stronger 
magnetic  force  prevailing  for  the  couples  in  March  and  September;  and 
the  fact  that  the  inverse  type  is  rather  more  firmly  developed  in  the 
magnetic  and  the  meteorological  curves  is  because  the  field  itself  is 
inclined  at  a  larger  effective  angle  for  the  couples  in  June  and  Decem- 
ber* The  peculiar  penumbra  of  uncertainty  in  passing  from  one  quad- 
rant to  the  other,  from  the  direct  to  the  inverse  periods,  shown  on  chart 
19,  which  constituted  the  great  difficulty  in  detecting  the  fundamental 
law,  is  clearly  due  to  the  action  of  the  solar  magnetic  lines  being  then 
very  nearly  in  the  plane  of  the  earth's  effective  axis,  and  thus  producing 
no  steady  distortion  of  the  earth's  field  by  the  couple.  Of  course,  any 
irregularity  in  the  solar  output,  any  swaying  about  of  the  field  in  space 
must  show  itself  in  a  corresponding  irregularity  at  the  earth.  The 
employment  of  the  mean  of  the  24-bour  observations  eliminated  to  a 
large  extent  this  source  of  confusion  and  enabled  us  to  find  an  approx- 
imate normal  field  during  a  rotation  of  the  sun  on  its  axis.  Abnormally 
large  disturbances  occur  in  consequence  of  spasmodic  outbursts  of  the 
sun  conveying  energy  to  all  tbe  interplanetary  spaces  and  setting  up 
an  unusually  strong  field  of  magnetic  force,  which,  being  impressed 
upon  the  earth's  field,  is  measured  in  the  components  H  D  Y  at  the 
several  stations. 

Having  arrived  at  the  concl  nsion  that  an  external  field  of  force  directed 
alternately  from  opposite  sides  of  the  axis  acts  upon  the  earth's  mag- 
netic field,  we  have  to  inquire  what  the  efiect  is  in  detail  upon  the  lines 
of  the  earth's  field  at  all  stations  of  the  earth  simultaneously.  It  is  not 
sufficient  to  consider  the  mean  effect  upon  the  earth  as  a  magnet  acted 
upon  by  a  couple  taken  as  a  whole,  but  the  deflections  of  the  lines 
throughout  the  medium  surrounding  the  earth  must  be  studied  in 
detail,  because  our  magnetic  observations  are  made  at  individual  points 
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of  snch  a  disturbed  medium,  and  it  is  tbe  efifect  of  these  couples  upon 
the  H  I>  V  of  each  station  that  is  required.  According  to  the  preced- 
ing analysis  we  have  (1)  an  external  field,  (2)  an  induced  doublet  or 
equivalent  uniformly  magnetized  sphere  whose  forces  are,  if  H  is  parallel 
to  the  axis  x, 

*v*— T-T?3il~"J:w     ^ /^i     '^^i^iTT     Inflected  system. 
^''-T^^/4+2^-    r\^~  f^   y  +  "-     Exflected  system. 

(2)      •y;=^r3;-;h.   ^.(i-'-;^^). 

for  points  in  the  external  fiehl;  the  inflected  system  being  applicable 
to  the  equatorial  x^ortiou  of  the  magnetic  shell  of  the  earth,  and  the 
exflected  system  to  the  polar  regions;  the  induction  of  the  doublet 
being  approximately  parallel  to  the  axis  of  the  external  field,  which 
therefore  shifts  with  the  seasons  of  the  year;  (3)  the  permanent  internal 
field  of  the  earth, 


4         1/      3a?2\ 

(3)  T=+*.R3lJ,(^J^) 

4  „,1  /3xz\ 


The  formation  of  formulsB*  (2),  (3)  has  been  already  indicated  in 

chapter  3.    A  further  analytic  development  of  the  coefficient  R-^.^H, 

occurring  under  (2)  may  be  added  at  this  place. 

If  a  permeable  mass  is  placed  in  an  external  field  a  doublet  is  induced 
of  opposite  polarity  to  the  direction  of  the  external  field.  The  state  of 
an  external  field  at  any  instant  may  be  analyzed  by  superposing  ux>on 
a  normal  field  another  variable  field,  inducing  internal  doublets,  alter- 
nately in  opposite  directions,  according  as  the  actual  field  is  greater  or 
less  than  the  normal  field.  The  observed  variations  aD,  aD,  a  V  in 
the  earth's  magnetic  field  may  thus  be  regarded  as  the  components  of 
a  secondary  force  superposed  upon  the  earth's  steady  normal  field.  The 
case  before  us  supposes  no  permanent  secondary  internal  magnetization, 
and  is  therefore  applicable  to  the  earth's  shell ;  the  field  magnetized  in 
the  earth's  nucleus  remains  meanwhile  steady,  except  for  its  secular 
variations  of  long  period. 
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RESOLUTION  OF  FORCES  IN  AN  INDUCED  DOUBLET. 


sin  Q 


QC  =  AB=— M    ^ 

cosO 


=  — H 


GE  =  BQ^H8in0 
£Q  =3  H  cos  0 

DS  =  QL  =  H,8inG 
QD=LS  =  HiCOflO 


2H 


M--1     R' 
//+2     f^ 


cosO 


sin  19 


AQ  =  QL  =  H  sin  0  — M  "•"  "  =  H,  sin  0.    Tangential. 
FQ  =  /iLS  =  Hco80+2M^^=//H,co80.    Normal. 


«-?»-«' 


R^ 


3H 


R' 


M 


_H(//-1) 


CCART  34.— Beaolniion  of  forees  in  an  induced  doublet. 


157 


The  external  field  is  deflected  to  pass  through  the  permeable  mass. 
Pursaiug  this  analysis  to  all  points  in  the  neighborhood  of  the  sphere, 
also  including  the  exflected  case  of  an  impermeable  nucleus,  we  have  a 
distribution  of  force  shown  on  Chart  8,  of  which  additional  details  are 
given  on  Chart  12. 

By  means  of  these  formulae  auy  possible  case  can  be  solved  in  detail, 
but  as  our  purpose  is  to  explain  general  ideas,  we  will  pass  to  some 
lempirical  diagrams  which  show  at  a  glance  the  deformation  of  a  mag- 
net field  when  placed  in  several  standard  positions  within  the  external 
fleld  of  force. 

It  may  be  remarked  once  more  that  if  an  ideal  distribution  of  the 
earth's  magnetization  be  assumed,  such  as  a  uniform  internal  force 
parallel  to  an  axis,  either  the  axis  of  the  earth's  rotation  or  the  axis  of 
its  magnetization,  a  certain  type  of  normal  force  must  be  developed, 
derived  from  a  potential,  to  which  the  observed  H.  D.  V.  over  the  earth 
correspoud.  If  this  same  magnetized  sphere  be  placed  in  an  external 
field  the  normal  field  will  be  permanently  changed  by  the  superposition 
of  an  induced  doublet.  In  our  special  case  of  a  central  sphere  and 
superincumbent  spherical  permeable  shell  the  deformation  of  the 
normal  field  will  be  such  as  is  indicated  by  the  curve  of  intensity  of 
the  impressed  field  (Chart  11).  That,  however,  should  be  inverted  from 
the  position  there  given,  because  the  strong  impressed  external  field 
will  make  depressions  in  the  resultant  field,  referred  to  a  simple  normal 
field.  The  problem  of  the  Gaussian  Harmonic  Analysis  must  therefore 
fully  take  account  of  those  two  fields,  and  also  the  induced  currents 
arising  from  their  variations  in  strength,  or  from  their  relative  motions 
in  space. 

The  following  typical  charts  (35  to  39  inclusive)  of  the  lines  of  force 
surrounding  a  magnet,  placed  at  difierent  angles  to  the  horizontal  com- 
ponent of  the  earth's  field,  were  constructed  by  moving  a  small  explor- 
ing magnet  compass  so  as  to  be  constantly  tangent  to  the  lines,  and 
tracing  out  the  course  of  successive  lines  about  a  magnet  of  the  follow- 
ing dimensions: 
Moment  of  inertia  of  the  bar. 


Magnet  moment, 


T=('^+^^P   cm^gr=675.27 


wa=M=7rV^S«  =1080. 


where 

{=11.5  c.  m.  length  of  magnet. 

r=0.45  c.  m.  semidiameter. 

P=61  grams.  weight. 

»=g^=0.18.  number  of  half  swings  per  minute. 
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H=0.20.  earth's  horizontal  component. 

a=i -1=9.6  c.  m.  the  effective  distance   between   the  magnet 


poles. 


6 

Hence 

m=112A  o/g.*  S-1    units  of  pole  strength. 
F=4;rw=14:13.  number  of  lines  sent  out  by  the  i)ole. 

The  external  field  can  also  be  traced  by  the  usual  graphic  methods. 

The  small  exploring  magnet  is  itself  under  a  feeble  couple  from  the 
earth's  field,  but  this  can  be  easily  eliminated  by  making  the  resulting 
curve  the  mean  of  the  branches  on  opposite  sides  of  the  axis.  Mark  a 
diameter  carefully  on  the  base  of  the  case  of  the  exploring  magnet, 
which  was  2.5  cm.  long  on  the  one  employed;  start  at  any  arbitrary 
point  on  the  large  magnet  placed  exactly  parallel  to  the  direction  of 
the  earth's  field ;  allow  the  exploring  needle  to  swing  freely,  and  rotate 
the  marked  diameter  of  the  box  till  it  is  parallel  to  the  needle;  plot 
in  the  other  end  of  the  diameter,  which  will  be  a  second  point  on  the 
same  line  of  force;  transfer  diameter  of  the  compass  to  begin  at  this 
point,  make  tangent  the  needle  and  diameter,  and  thus  plot  a  third 
point.  In  this  way  the  following  diagrams  were  made,  here  reproduced 
on  a  smaller  scale. 

The  x>ositions  of  the  earth's  field  and  the  magnet  are  marked  on  each 
chart.  Chart  35  gives  the  field  in  its  stable  position,  and  shows  the 
lines  running  from  the  ends  of  the  magnet  off  into  space,  where  they 
are  continued  into  and  join  upon  the  lines  of  the  external  field. 
Compare  inner  x)ortion  of  Chart  6. 

Chart  36  gives  the  unstable  x>osition  of  the  magnet  in  the  field,  and 
indicates  that  it  is  so  because  all  the  lines  of  force  are  closed,  return- 
ing into  the  magnet  itself.  Compare  Chart  7.  The  least  movement  of 
the  magnet  away  from  this  position  will  release  some  lines  to  run  into 
space,  and  this  produces  an  effective  couple,  which  will  turn  the  mag- 
net, when  free  to  move,  into  its  stable  position.  If  the  charts  35,  36 
are  superposed,  we  shall  see  the  extreme  deformations  of  the  normal 
field,  which  were  displayed  on  Chart  8.  In  the  first  case,  the  effect  of 
an  external  field  is  to  expand  all  the  lines  outside  the  position  which 
they  occupied  when  the  magnet  was  screened  from  all  external  fields; 
in  the  second  case,  the  lines  are  all  contracted  within  these  normal  lines. 
The  effect  of  an  external  field  directed  from  magnetic  S  to  K  on  the 
magnet  is  to  expand  the  field  as  a  whole,  and  that  is  the  same  thing 
as  a  decrease  of  the  horizontal  force  everywhere,  an  increase  of  the 
vertical  force  everywhere,  and  deflection  of  the  declination,  if  the  lines 
of  the  field  are  not  parallel  to  the  external  meridians  of  the  magnet. 
If  the  external  field  is  directed  from  K  to  S  along  the  magnet,  opposite 
effects  upon  H  and  V  are  observed.  In  the  case  of  the  earth  and  the 
solar  field  an  increase  of  the  sun's  field  produces  a  secondary  field  rela- 
tively to  its  normal  field,  which  is  directed  from  geographical  N  to  S, 
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CiiABT  35.— Magnet  in  earth's  field.    Stable  position. 
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Cbabt  36.— Magnet  in  earth's  field.    XJoatable  poBiti<inu. 
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Chart  37.— Maf(n«t  linen  diatorte4  by  ei»rth's  Oe)d.    [N  end  to  tbo  left.] 

J0305_l!ro.  21 ^11 
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Chabt  38.— Magnet  lines  dlatorted  by  earth's  field.    [K  end  to  tbe  right. ] 


c/^^r^sa. 
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and  increases  Y,  but  diminishes  H  everywhere ;  a  falling  off  of  the  solar 
field  below  its  normal  value  produces  just  the  opposite  effect.  The 
variable  line  of  force  traced  out  from  day  to  day  by  means  of  the  con- 
tinuous photographic  records  in  H.  D.  Y.,  simply  represents  a  secondary 
field  directed  from  S  to  N  or  N  to  S,  respectively,  at  different  moments, 
according  as  H.  D.  Y.  at  the  instant  observed  are  less  or  greater  than 
the  normal.  The  oscillations  of  the  field,  in  waves,  in  Irregular  small 
vibrations  or  in  perturbations,  are  thus  observed  as  the  simultaneous 
variations  in  H.  D.  Y.  over  the  entire  earth.  A  decrease  of  H.  is  an 
increase  of  external  for<  e;  an  increase  of  Y  is  an  increase  of  the  exter- 
nal field,  and  must  always  be  so  construed.  As  already  mentioned,  the 
great  disturbances,  having  persistent  durations  of  twenty-four  hours 
or  more,  are  observed  to  be  always  directed  from  the  northward  to  the 
southward  side  of  the  ecliptic,  and  they  occur  simultaneously  at  all 
terrestrial  stations.  There  is  no  other  known  cause  of  such  a  phe- 
nomenon capable  of  producing  this  remarkable  result.  Certainly  no 
local  meteorological  conditions,  and  no  rotation  of  the  earth  as  a  body, 
in  a  hyx)othetical  medium  of  conducting  capacity  can  account  for  these 
peculiar  variations,  unless  the  entire  atmosphere  of  the  earth,  or  unless 
the  earth  as  a  mass,  has  the  variable  motions  corresponding  to  the 
observed  vibrations  of  the  needle  taken  from  day  to  day.  If,  on  the 
other  hand,  the  magnetization  of  the  sun  is  perturbed  irregularly  or 
periodically,  then  all  the  observed  terrestrial  phenomena  follow  in  har- 
monious sequence. 

Starting  now  from  the  unstable  x>osition  of  our  magnet  chart  36,  let 
it  swing  half-way  about,  to  right  and  left,  till  the  axis  of  the  magnet 
makes  90^  with  the  external  field.  The  instructive  charts  37,38  show 
the  distortion  of  the  medium,  when  the  couples  are  in  the  positions  of 
maximum  XK>wer.  The  impulse  to  swing  is  in  such  a  direction  as  to  bring 
the  K  of  the  magnet  to  S  of  field,  its  stable  position,  as  quickly  as 
lK)ssible.  A  portion  of  the  lines  are  open  on  opposite  sides  and  draw- 
ing, the  remainder  are  closed  and  pushing,  thus  distorting  in  two  ways 
the  normal  forms  of  the  curves.  An  opposite  turn  of  90^  will  bring  the 
lines  into  the  position  of  chart  ^S,  When  a  magnet  swings  about  an 
axis,  its  lines  are  playing  through  the  rapidly  varying  curves  of  charts 
37, 35, 38,  if  free  to  act  in  their  own  way ;  the  magnet  field  may  be  forced 
through  the  forms  37, 36, 38  in  succession. 

Finally,  when  near  the  x)oint  of  the  stable  equilibrium,  a  similar  though 
smaller  distortion  of  the  curves  takes  place,  even  for  slight  displace- 
ments of  the  axis. 

Chart  39  shows  the  two  positions  of  the  field  when  its  axis  is  10<^  on 
each  side  of  the  axis  of  the  magnet;  the  undisturbed  magnet  lines  may 
be  drawn  through  their  mean  i)osition.  This  is  the  practical  case  of 
the  earth,  as  before  explained,  when  the  direct  or  inverse  types  respec- 
tively prevail.  During  the  periods  of  direct  type  a  left-handed  couple 
prevails;  and  during  the  periods  of  inverse  type  a  right-handed  couple 

Chabt  39.— Magnet  linea  distorted  by  two  coupleB.    [Angle=iO  degrees.] 
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prevails.  The  important  deduction  is  that  for  the  same  external  field 
the  horizontal  force  of  the  earth's  field  is  changed  in  one  direction  under 
one  couple,  and  in  the  opposite  direction  for  the  other  couple,  when 
measured  at  any  station  as  compared  with  the  normal  field  at  that  place. 
The  phenomenon  of  inversion  is  therefore  an  effect  within  the  earth's 
field,  of  the  presenting  its  lines  to  the  dii-ection  of  an  impressed  exter- 
nal field  from  the  opposite  sides,  these  couples  being  generated  by  the 
combined  aspects  of  the  axes  of  the  earth  and  sun,  together  with  the 
l)ecnliar  shape  of  the  solar  magnetic  ovals.  The  typical  curves  of  chart 
8,  derived  from  the  observations,  therefore  find  tlieir  necessary  expla- 
nation in  these  circumstances,  and  carry  with  them  the  proof  of  the 
existence  of  a  direct  action  of  the  solar  magnetic  field.  To  apply  all 
these  conditions  to  the  solution  of  the  force  observed  at  any  station  at 
a  given  instant  of  time  is  x>o8sible,  but  very  complex.  Auxiliary  tabu- 
lations of  disturbances,  like  the  terms.of  an  orbit  under  perturbations, 
can  be  constructed  to  facilitate  such  a  work,  and  it  will  become  the 
province  of  the  science  of  terrestrial  magnetism  to  do  so  sometime. 
We  may  iierceive  that  the  Gaussian  hypothesis  of  referring  all  these 
forces  to  an  internal  i>otential  field  of  heterogeneous  magnetization 
was  imx>erfect.  For  the  study  of  the  secular  variation,  all  these  extor> 
nal  terms  must  be  eliminated  before  the  Harmonic  Analysis  is  applied 
to  interpolations  on  the  forces  derived  from  an  internal  field.  To  reca- 
pitulate, we  have,  (1)  the  field  from  the  earth's  nucleus  of  only  approxi- 
mately known  distribution;  (2)  the  secondary  distribution  derived  from 
the  electro-magnetic  field,  varying  only  with  the  change  of  the  axis  of 
that  field  in  latitude,  including  its  couples;  (3)  the  secondary  distribu- 
tion derived  from  the  polar  magnetic  field,  varying  with  the  strength 
of  the  output  from  the  sun,  including  its  couples  and  the  phenomenon 
of  inversion.  The  rotation  of  the  earth  on  its  axis  enanled  us  to  elimi- 
nate the  electromagnetic  field,  and  also  the  local  terms  in  the  i)olar 
magnetic  field,  from  the  external  couples;  the  rotation  of  the  sun  on  its 
axis  developed  the  normal  type  curve  of  relative  intensity;  the  revolu- 
tion of  the  earth  in  its  orbit  produced  the  inversion  of  the  type  curve, 
by  the  very  peculiar  conditions  involved  in  the  formation  of  the  two 
systems  of  couples. 

ELEMENTS  OF  THE  SUN  AND  EABTH  AS  MAGNETS. 

It  may  be  convenient  to  have  for  reference  the  main  features  of  the 
sun  and  earth  as  static  magnets,  derived  in  the  case  of  the  earth  from 
1=0.079  C.  G.  a,  and  in  the  case  of  the  sun  from  H=o.00035  O.  G.  S.  at 
the  distance  of  the  earth.    Logarithms  are  given  in  the  last  column. 
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Table  S6. — Magnetic  elements  of  the  earth  in  the  C.  O.  S.  eyatem. 
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Tablk  37 — Magnetic  etevnenta  of  the  eun  (C.  (r.  5.). 
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TWO  TYPES  OF  BADIATION. 

We  will  now  make  some  remarks  upon  the  Bubject  of  radiation.  From 
the  beginning  ul'  my  research  I  have  had  very  definite  ideas  abont  the 
probable  outcome  of  the  solar-terrestrial  problem,  and  have  therefore 
adopted  some  terms  tliat  may  not  have  been  accepted  by  students 
generally  in  the  meaning  intended.  Radiation  can  be  defined  as  the 
transmission  of  energy  from  its  source  through  the  medium  separating 
it  from  another  body  by  merely  transient  disturbances  of  the  medium 
at  tlie  intervening  points.  Radiation  may  be  of  many  tyiies.  Two 
kinds  alone  concern  this  problem. 

Adopting  Heaviside's  equations  and  notation,  we  have: 

(1)  The  electromagnetic  radiation  from  the  sun: 

W=:v  (U+T)=V  (J^-eo)(H~M. 
Its  translational  force  or  pressure  is : 

F=VL)B+VDB=f   VDB=\  f  VEH=\^^. 

^  dt  v^  (ft  v^   dt 

The  flux  of  energy  is  at  right  angles  to  the  plane  containing  the 
electric  force  and  the  magnetic  induction.  The  pressure  per  square 
centimeter  is  inversely  proportional  to  the  square  of  the  velocity  of 
propagation  and  to  the  time  rate  of  .change  in  the  energy  flux.  The 
rays  of  propagation  are  the  radii  of  the  expanding  spherical  waves  of 
electro-magnetic  induction,  and  the  length  of  path  to  the  earth  is 
about  92,800,000  miles. 

(2)  The  polar  magnetic  radiation  from  the  sun  is  of  an  entirely  dif- 
ferent nature,  and  is  primarily  the  transient  transmissions  of  the  energy 
required  to  change  a  polar  magnetic  field  of  a  certain  strength  to  simi- 
lar field  of  a  diflerent  strength.  The  length  of  path  to  the  earth  is 
about  135,000,000  miles.  As  regards  such  a  polar  field,  it  is  probably 
a  very  misleading  conception  to  ever  regard  it  as  static,  except  in  some 
of  its  effects.  We  may  as  well  consider  the  electro-magnetic  field 
static,  because  it  exerts  a  steady  pressure,  but  we  have  fortunately 
learned  to  analyze  it  as  made  up  of  immensely  rapid  vibrations,  trans- 
mitting energy  in  wave  motions.  In  a  similar  way  the  lines  of  force 
surrounding  a  common  magnet  are  not  at  rest,  but  probably  consist  of 
vortex  tubes,  namely,  electric  currents  rotating  about  the  axis  of  the 
line  of  magnetic  force  with  enormous  rapidity.  I  take  pleasure  in 
referring  to  a  careful  graphical  analysis  of  such  a  state  of  the  medium 
in  ^<  Magnetische  Kraftfelder,"  H.  Ebert,  Leipsig,  1896,  which  illustrates 
the  views  mentioned  in  this  connection.  The  interaction  of  such 
vortex  tubes  affords  a  mechanical  analogue  which  conforms  very 
closely  indeed  to  the  observed  physical  effects,  even  if  it  does  not  rep- 
resent the  true  state  of  the  medium.  Now  the  case  of  propagation  of 
energy  when  the  magnetic  field  is  varying  comes  before  us.    Suppose 
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a  soft  iron  bar  surrounded  by  a  spool  of  insulated  wire,  without  current 
at  first,  lies  within  an  ether  medium  in  a  quiescent  state;  by  the  action 
of  the  electric  current,  when  suddenly  impressed,  the  surrounding 
medium  is  set  into  vortical  rotation  by  the  transmission  of  lilies  of  mag- 
netic force  from  the  iron  bar.  I  can  think  of  no  truer  word  to  describe 
this  changing  state  of  the  medium  than  magnetic  radiation  of  energy 
through  it.  This  field  may  acquire  a  steady  state,  but  it  is  essentially 
dynamic  and  not  static.  The  word  static  in  electro-magnetism  is  so 
far  misleading  that  it  ought  to  be  abandoned,  because  it  means  only 
the  steady  state  of  an  intrinsically  dynamic  field.  In  the  same  sense, 
though  the  sun  may  be  said  to  maintain  a  steady  magnetic  field  for 
short  intervals,  it  is  so  far  restless  as  to  be  practically  transmitting 
energy  incessantly  in  passing  from  one  state  of  intensity  to  another. 
This  transmission  appears  to  be  spasmodic,  in  large  and  small  disturb- 
ances, and  if  Eschenhagen's  observations  of  minute  waves  in  the  mag- 
netic field  can  not  be  explained  by  pulsations  derived  from  terrestrial 
sources,  then  likewise  in  small,  quite  rapid  wave-like  vibrations,  which 
come  very  close  to  being  a  true  x>criodic  radiation.  It  must  be  said 
that  the  analysis  of  a  polar  field  with  a  positive  and  negative  pole  is 
merely  a  convenience,  and  that  both  poles  are  probably  sources  and 
sinks  simultaneously,  though  the  positive  is  the  source  and  the  nega- 
tive a  sink  only  to  the  positive  isolated  pole  upon  which  our  analysis 
has  been  founded.  This  polar  transient  system  may  be  examined  more 
specifically,  as  it  is  less  commonly  understood.  The  following  equa- 
tions are  rearranged  from  Heaviside's  papers: 


nEAVISIDE'S  NOTATION. 


Electricity, 
o    Electric  permittivity.    D= 


cE 


k  Electric  conductivity.     C=kE. 

El  Force  of  field.    Ei=(E— ©«•). 

e  Motional  force.    e=VqB. 

6d  Intrinsic  force. 

E  Electric  force. 

D  Displacement. 

C  Conduction  current. 

J  True  electric  current=C  +  D  -\-fjn. 

p  Electrification.     p=div  1). 

n  Velocity. 


Qi  .Jonlean  wastt*.  Qi- 
U  Energy  stored.  U= 
P   Polar  force. 


=  kE^::=:EC. 
:iED=ricE2. 


MagneOtm. 
pL    Magnetic  inductivity.    B=>uH. 

S  Magnetic  conductivity  (fictitious). 
,  Force  of  field.    H,=(H— ho). 
h    Motional  force.    ]i=VDq. 
ho  Intrinsic  force. 
H  Magnetic  force. 
B    Induction. 

K  Conduction  current  (fictitious). 
0   True  magnetic  current=[K]-fB-|-[(^w]. 
6    Magnetification.    d=divB (fictitious), 
w  Velocity. 
Qs  Jonlean  waste  (fictitious). 

HB  uW 

T    Energy  stored.    T=^  ' 


O,  Magnetic  potential. 


^ic 


iit' 


FUNDAMENTAL  EQUATIONS. 


1.  ourl  (H— h)=4^J==4;r(C  +  I))^4flrkE  +  ci. 

2.  —  curl  (E  —  e)=  4^-6 r=4flrfK-f-  ^j  =4jrgHH->MH. 

Multiply  the  first  by  (e — E),  the  second  by  (h — H),  and  add, 

3.  eJ  -f-hG=EJ  +  HG  -f  [(H  — h)_ourl^  — e)  —  (E  — e)  curl  (H  — h)] 

Alt 

4.  6J  +  hG=Q  +  U-f  t-f  div  V(E  — e)(H  — h)      ^  .  ^  .  j,  .    ,.    ^ 

^  4*  -    =QH-U  +  T4-divW. 
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Eliminate  H  and  E  snccessively  in  (1),  (2). 

1 

5.  curl  -  curl  (K  —  e)  +  curl  h  +  4flrk  E  +  c  E  =  0 

6.  curl —curl  (H — h)  — curl  e  +  4wg  4+//  tt=0 


For  e  =  0,  h  =  0,  and  g=0. 
1        ._      .     .  dE        d8E 


=.1 

>Noii 


7.  curl  —  curl  E -f- ^tt  k  ,.  +  c  j . ,. 

1  AiW         ^^^  impressed  force  in  space. 

8.  curl  •— curl  H  -f-yu  w^^O 

Forc=0. 

,1        ,  «...    1  <1^ 

9.  curl  —  curl  £ 4-4;r  k  ^=0 

1  dH 

10.  curl  ^  curl  H  +  4 jt  //  -^^=  0 

Fork  =  0. 

11.  cupl  -  curl  E  +  c  -^^,  =0 

1  d«H 

12.  curl  —  curl  H  +//  -^  =0 


Diffusion  in  metals  of  E  and  H. 


Wave  propagation  in  gases  of  E  and  H. 


MAGNETIZATION. 

Intrinsic  magnetization =4;r  I|  =^  h. 
Induced  magnetization  =  4;r  I>  =  4;r  k  F. 
Total  induction  =  B = F  -f  4«'  Ii  +  47r  Ij. 

=  F  +  //  h4-4;rkF. 

=F(l-f-4flrk)-|-//lL 

=  /i(F  +  li)=A/H. 
The  actual  H  =  h  (impressed)  -|- F  (polar)  +  Fi  (current  induced). 

Some  relations  between  circuital  and  polar  forces, 

BLBCTRIC  COWDUCTOR. 

E|  — ei+Fi  P,=— VP,  0=kS|  div  0  =  0  carl  (ei  — E,)  =  0  p|— —  dire, 

DIKLRCTRIC. 

E,=e,+  Fs  P,=— VP,  D=/ E,         divD=^0  carl  (e,~E,)  =  0  rtr=— divc*« 

4ir  4V 

MAONRTIC  CONDUCTOR. 

H— h+F.  Pi=— VPi  B— ^H  diTB  =  0  — carl(h— H)=0  tr  =:—dlv  ^  ^ 

4v 

GASES. 

1.  Curl  (H — h)  =  0,  no  current. 

F  =  —  V  ^y  polar  magnetic  field ;  and  curl  F  =  0. 


/ 


curl  (H  — h)  =  F==  — V  ^;  H  =  h4  F. 

2.  diTG  =  0.     divB  =  0.    /div  B  =  div  B  =  div>u  H  =  0. 

3.  Conditions :  curl  (H  —  h)  =  0.    div  |/  H  =  0. 
Given  /i  and  h  to  find  H,  the  actual  magnetic  force, 
div  //  (h  +  F)  =  0.     curl  F  =  0.    div  /^  F  =  —  div  /i  h. 

I.  Curlh  =  0.     curlH  =  0.    div//H  =  0.    H  =  OandB  — 0. 

If  the  impressed  force  be  wholly  polar  there  is  no  induction. 
II.  div/ih  =  0.     div//F  =  0.     curlF  =  0.    T  =  0,    H  =  h,     B  =  ;/h. 

If  the  impressed  force  be  wholly  circuital  there  is  full  induction,  tmd  no  polar 
force. 

This  shows  that  during  transient  adjustments  of  a  magnetic  field  iYt)m  one  strength 
to  another  there  arc  transient  electric  and  magnetic  cnrrentH. 
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TRANSFORMATION  OF   WORK  INTO  ENERGY  AND  HEAT. 

Conductor,      Q=.SEikS  =  2eikSi=2eikei— .SFikFi  =  2eikei-— .SPipi  =2E,C 
Dielectric,  SxV  =  SEaCB^  =  ^OzoEs  =  2B»oea  —  SV^icFi  =  Se^ce^  —  ^iPsPs  =  S^^J) 

Q  =  the  work  wasted  in  condnctors  as  heat. 

U=tbe  electric  energy  stored  in  potential  form  in  the  dielectric. 

T  =  the  magnetic  energy  stored  in  kinetic  form  in  the  magnetic  medinm. 

Proof  of  the  la»iform» 

Cironital  displacement  in  a  dielectric  from  electro-magnetic  induction, 
div  oE=0.        — curl  Z  =  cE=4;rD.        ourlH=  cK  — 4jrJ. 

divB=0.  curlA  =  //H=B.     —  curl  E  = //ft -=4«0  =  curl      curl  Z 

c 

Ji^2\YX^=2\^''\  «_^=2iZ0.        Since,Z  =  -i'^?-,G=:~  ^"'^J^. 

curl      An  curl  4;r 


T=2i^  =  :Si-?-.  £HL?  =  2iAJ.       Since,  A=  \,J  =  ^^jl3i 
4jr  curl     4jr  curl  4jr 

Traniient  to  final  state. 

Transient  state  —  curl  (B— e)  =  4jrG.  Eq = e+Fo = e— V^    (Final ). 

Final  state         —  curl  (Eo  —  e)  =  0.  F  =  Fo.    G  =  J«.    J  =r  C-f-D. 

^eJ  =  2eJ+  2FnJ  =  2E,  J  =  2E.4)+^BoA  =  .SE(.kE+2S.  J)  =  2C^-\'2E,ii. 

2a,E  =  2-5°    curl  E  =  2  ^  (curl  e  —  4jrG)  =  2Eo  ("^^^l®  —q\  = 
curl  4zr  \   4jr  / 

2e  ^"ll^?  —  2HoG=  2eCa-2EoQ. 

An 

At  each  instant,  2eJ  =  2eC(,+2Eo^  2HdG. 

The  time  integral,  2e  /  Jdt  =  ^eCyt+SEoDo  —  2^^!^final  state. 


•f- 


The  work  done=    2e  |  Jdt=2eCot+2n— 2T. 

Proof  of  the  Uut  steps. 
Work  done  hy  actual  forces= 


Work  done  by  impressed  forces:= 

,  2  ThGdt  =  2  A"-?dt  -  :S^f  =  =  T.  =  2(^  +7)^=  =  2^1^^  =  2T. 

r  J  J    An  Alt  An  An 

H=:h-f-r  =  h-|-divn.    //H  =  )Mh  +  //F.     2I^^R  =  2?^Yi^\-2Sf^F=2i\l\n^'K^0, 
*  2   ChOdt  =  2  f'BJdt-\'2   fHGdt  =  2  Tadt  +  T  ^- 2T.  Tadt  =  T-=a  mag. 

2  TeJdt  =  2  rHGdt  +  2  ^EJdt  =  2  Tddt  -f  TJ  =.  2TJ.  Todt  --  TJ  =  Q  elect. 

One-half  the  energy  of  the  transient  currents  is  expended  as  heat  and  the  other 
half  as  the  kinetic  magnetic  energy  of  the  new  state  of  the  field. 
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SUMMARY  STATEMENT. 

1.  Electrostatic  case,  magnetic  energy  vanishing,  2eCot  -f-  2U  =  Work. 

2.  Magnetic  case,  electrostatic  energy  Tanishing,  ^eCut  —  2T=  Work. 

3.  Joale's  heat,  electrostatic  and  magnetic  energy,  ^eCot  +  U  —  3T  =  Work. 

The  case  of  the  x>olar  magnetic  field  from  the  san  is  the  second,  f*^T 
which  the  work  of  the  forces  within  the  san  is  supposed  to  be, 

Work  of  impressed  forces =^>Cot-- 2  T. 

The  first  term  is  the  Jonle^s  heat  of  the  final  electric  current  set  up? 
whatever  transient  electric  currents  may  have  occurred  within  the 
body  of  the  sun,  but  may  be  laid  aside  from  consideration  in  the  external 
magnetic  field. 


That  part  of  the  work  =  —  /  Qdt  —  J, 


4  TT  ' 


We  have  two  remarkable  results,  that  the  work  done  in  this  case  is 
expended — 

(1)  In  cooling  the  medium  throughout  the  interplanetary  magnetic 
field,  as  was  shown  to  be  the  observed  fact  at  the  earth  from  the  dis- 
cussion of  the  meteorological  elements. 

(2)  In  setting  up  a  magnetic  field. 

Since  it  has  been  shown  that  the  work  expended  in  setting  up  final 
states  of  currents  of  electricity  is  diminished  by  the  term  2  T  from  that 
which  it  would  be  in  setting  up  electric  currents  in  the  sun  without 
any  external  magnetic  field,  the  inference  follows  that  less  work  is 
required  to  bring  about  equilibrium  states  on  the  sun,  when  once  dis- 
turbance occurs  in  it-s  magnetization  or  in  its  electric  condition,  than 
would  be  the  case  if  no  external  magnetic  field  existed  outside  it.  This 
seems  most  remarkable,  but  it  is  concluded  that  the  cooling  of  the 
external  medium  and  the  increase  of  the  external  magnetic  field  calls 
for  less  work  in  the  sun  to  readjust  its  forces  to  normal  states  than 
would  have  been  the  case  if  they  did  not  thus  exist  and  operate.  Hence, 
instead  of  being  an  argument  against  the  direct  magnetic  action  of  the 
sun,  the  observed  external  field  at  the  earth  becomes  the  physical 
verification  of  the  fact  that  the  sun  is  a  highly  magnetized  body.  It 
adjusts  itself  by  this  mode  of  operation  and  expends  the  minimum 
work.  This  inference  stands  so  directly  contradictory  to  the  conclu- 
sions expressed  by  Lord  Kelvin  in  his  anniversary  address  (Nature,  Vol. 
XLVII,  p.  108),  and  which  have  been  quoted  against  the  hypothesis  of 
the  direct  magnetic  action  of  the  sun,  that  it  may  be  proper  to  note 
it  in  connection  with  that  statement. 

BEOOMPUTATION   OF   SOLAE  VALUES  OF  E.  H. 

On  page  402,  Vol.  II,  Electricity  and  Magnetism,  Maxwell  gives  a 
computation  of  the  electric  and  magnetic  forces  developed  during  the 
transmission  of  energy  in  sunlight,  using  Pouillet^s  data.    Since  Lang- 
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ley's  determination  of  tbe  solar  constant  gives  nearly  twice  as  great  a 
valae  as  Pouillet's,  it  will  be  worth  while  to  recompute  the  values  of 
E  and  H^  the  maximum  amplitudes  developed  in  sunlight.  Some  other 
derivative  numerical  values  are  added. 

The  corresx)onding  quantities  in  the  polar  field  are  only  transient,  very 
variable,  and  are  therefore  not  available  except  when  integrated.  To 
do  this  practically  is  not  now  possible,  since  the  observational  data, 
referring  to  the  absorption  of  energy  in  the  atmosphere,  is  not  yet  freed 
from  the  convective  action  of  currents  derived  from  the  general  circu- 
lation. 

Tablk  38. — Recomputation  of  the  electric  and  magnetic  forces, 
[E  and  H  for  Langley's  conntant  of  solar  energy.] 


Data  for  the  transfonnations. 

Thomson. 

Intermediate. 

25.00 
2.805 
1317. 3 
122.4 

182.1 

.0000001244 

.0000006074 

6.872X10" 
0.02292 

Langley. 

Oonatant of ffolar eiiPiTT v^ cftl«ri<M« t»--  - 

17.037 

1.632 

897.7 

83.4 
(Maxwell) 

124. 1 
(Poincar6) 

.0000000848 
(Maxwell) 

.0000004189 
(Poincar^) 

6.673X10" 

0.01892 

30.00 

(1  horsepower^lO^  calories.) 
Solar  constant  in  horsepower  per  sqnare  meter  per  minute  . . 
il  horsepower— 550  foot-ponnds  per  seconfi.) 

Rnlfti*  nnnntAn t  in  fnoi-TioniKlii  Tier  AAftnnd 

2.874 
1580.8 

(1  square  meter— 10.7641  square  feet.) 
Solar  constant  in  foot-pounds  per  second  on  1  square  foot= 
energy  of  strong  sunlight. 
(1  foot-pound— 0.13825  kilogram  meter.) 
Solar  oonHtant  in  kilogram  meters  per  second  on  1  square 
meter. 
(Velocity  of  light^9.838xl0«  feet  per  second.) 
Energy  in  a  bubio  foot  of  sunlight  in  foot-pounds :  or  the 
pressure  on  1  square  foot  placed  normal  to  ray. 
(Velocity of  light— 2.9986 X  10«  meters  per  Heoond.) 
Bnergy  in  a  cubic  meter  of  sunlight  in  kilogrammeters ;  or 
the  pressure  on  1  square  meter  placed  normal  to  ray. 
Hence  E  electric  force ...........•......«••>••.--••••. 

146.9 

218.6 

.0000001493 

.0000007288 
7.628X10* 

H  mAiniAtlo  fbrCA  .   ..   ..........••••••••.«•••••-•«-•-• 

0.02511 

(Maxwell  used  V  =310900000  meters  jtor  second.) 

K— 7.5X10«  C.  G.  S.— 7.5  volts. 

H— 0.02500  CO. S. 

TT—^*=^?-=T= 0.000025  C.  G.  S. 
W=v(Xr4-T)=VBH=1.875xl07C.G.S. 

r«  dt      r«  dt  ^ 

F  =  V  (kE  +  r°  *)  //B  +  ,^  ;<VEft  =  VJB  -f  4flrVDG. 

F= Electromagnetic    force -f- luagnetoelectric   force,  these  being  mechanical   or 
tTQnslatory  pressures. 

The  electromagnetic  force  can  exist  in  steady  states,  and  it  is  accom- 
panied by  dissipation  of  energy.  The  magnetoelectric  force  can  exist 
only  in  the  transient  states.  Hence  the  electromagnetic  radiation 
exerts  a  steady  pressure  along  the  ray  of  sunlight.  The  magneto- 
electric  radiation  emits  temporary  mechanical  pressures  during  the 
changing  of  the  strength  of  the  polar  field  of  the  sun.  We  may  there- 
fore properly  speak  of  the  two  radiations  from  the  sun,  provided  the 
distinction  between  these  two  kinds  is  carefully  maintained.  To  con- 
ftise  them  is  an  error  of  analysis. 
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A  pnrely  physical  question  now  remains  to  be  answered.  If  a  mag- 
netic polar  Hue  consists  of  a  magnetic  force  parallel  to  the  direction  of 
B  and  a  system  of  circular  electric  currents  surrounding  it  in  a  vortex 
ring  (see  Barker's  Physics,  p.  803;  Ebert's  Kraftfelder,  chapter  8,  and 
otlier  authors),  how  are  these  forces  related  to  changes  of  temperature 
of  a  medium  such  as  the  atmosphere!  We  know  that  an  increase  of 
temi>erature  of  the  air  diminishes  the  magnetic  force  of  a  magnet  placed 
within  it,  and  vice  versa.  IN'ow,  what  goes  on  to  do  this  ?  The  chapter 
of  J.  J.  Thomson,  ^< Applications  of  dynamics  to  physics,"  on  Tempera- 
ture, Ko.  VI,  is  very  instructive,  and  should  be  carefully  considered. 
Till  this  subject  is  fully  worked  up  in  the  laboratory,  we  may  refer  to 
It  as  one  of  the  unsolved  problems  as  regards  the  principles  of  radiation. 

Closely  connected  with  this  inquiry  is  a  second  problem:  What  are 
the  peculiar  mechanical  forms  of  the  variations  in  the  vortical  system 
which  permits  the  transfer  of  energy  from  the  sun  to  the  earth,  through 
so  great  a  distance  as  135,000,000  miles,  for  example!  The  treatment 
of  the  forces  as  a  problem  of  dynamics  instead  of  statics  is  apparently 
the  proper  method  of  procedure.  Furthermore,  the  question  arises, 
What  is  the  cross  connection  between  the  electromagnetic  and  the  polar 
magnetic  fields,  especially  in  the  problem  of  the  dissipation  of  energy  in 
atmospheric  absorption  and  radiation,  accompanied  by  changes  in  the 
wave  lengths!  All  these  topics  lie  beyond  the  province  of  this  bulle- 
tiuy  but  they  are  nevertheless  of  much  importance. 

PUNCTIONAX  VAEIATIONS  IN  THE   MAGNETIC  AND  METEOBOLOGICAL 

ELEMENTS. 

In  view  of  this  hiatus  in  knowledge  of  the  laws  of  physics,  also 
considering  the  total  lack  of  magnetic  observations  in  the  Northwest 
of  the  United  States,  and  having  regard  to  the  components  of  temper- 
atures and  pressures  derived  from  direct  energy,  intermingled  with  air 
in  convection  currents,  it  is  a  most  difficult  matter  to  determine  what 
the  functions  between  variations  in  the  magnetic  field  and  the  corre- 
sponding changes  in  the  meteorological  elements  of  the  air  really  are. 
As  an  approximate  solution,  I  have  assumed  that  the  synchronism, 
taken  year  by  year,  between  these  systems  is  proportional.  This 
amounts  to  supposing  that  if  the  sunlight  field  acts  alone,  the  mean 
annual  values  would  show  no  secular  changes,  and  that  therefore  the 
observed  simultaneous  variations  are  due  to  the  polar  magnetic  field 
alone.  Hence  the  changes  are  proportional  to  the  required  functional 
relations.  From  this  data  (see  Table  29)  the  following  results  have 
been  derived : 

Variations  taking  place  simultaneously: 

In  the  maximum  field  (auroral  belt)  0.000050  G.  G.  S. 

In  the  European  field  (also  United  States)      0.000010  C.  G.  8. 
In  the  external  coronal  field  (near  the  earth)  0.000030  G.  G.  S. 
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To  these  correspond,  when  the  above  changes  are  maintained  for  a 
year,  as  is  the  case  in  the  northwest  of  the  United  States  and  West 
Canada: 

Change  in  the  mean' annual  pressure,  an  increase,       0.02  inch. 
Change  in  the  mean  annual  tem{>erature,  a  decrease,  2^  F. 
Change  in  the  mean  annual  pressure  amplitude,  0.01  inch. 

Change  in  the  mean  annual  temi)erature  amplitude,    0.2^  F. 

During  certain  years  in  the  Dakotas  the  pressure  averages  higher 

and  the  temperature  lower;  the  average  swing  of  the  oscillations  from 

high  to  low  and  from  warm  to  cold,  taken  day  by  day,  is  less;  and  this 

'  takes  place  in  years  of  increased  magnetic  force  from  the  coronal  field 

in  the  proportion  given  above. 

In  order  to  show  how  widely  these  changes  occur  from  year  to  year, 
it  is  found  in  the  sun-sx>ot  cycle  1878-1890  that  the  following  changes 
took  place  in  those  districts: 

Eange  in  the  European  magnetic  horizontal  comx)onent,  0.000060  C.  G.  S. 

Range  in  the  external  solar  coronal  field,  0.000180  C.  G.  S. 

liange  in  the  maximum  solar  (auroral)  field,  0.000300  C.  G.  S. 

Range  in  the  northwest  (the  Dakotas)  pressures,  0.10  inch. 

Eange  in  the  northwest  temperatures,  7'^  F. 

Kaiige  in  the  northwest  pressure  amplitude,  0.06  inch. 

Range  in  the  northwest  temperature  amplitudes,  1^  F. 

These  relations  may  need  modifications  whenever  the  scientific  data 
warrants  an  improvement,  but  they  serve  to  show  the  general  connection 
between  the  various  quantities  involved. 

THE    GENERAL    BELATIONS   TO    THE    GAUSSIAN    POTENTIAL    OF    THE 

EARTH  AND  ITS  SECULAR  VARIATIONS. 

It  is  evident  that  the  general  position  taken  in  this  bulletin  is  in 
accord  with  the  results  of  the  recent  analytical  calculations  of  the 
earth's  i)otential  from  observations,  in  so  far  as  it  concludes  that  there 
is  a  varying  potential  outside  the  earth  impressed  upon  the  inside 
X)otential.  There  is,  however,  a  wide  divergence  in  regard  to  the  source 
of  the  external  field.  The  opinions  quoted  are  quite  uniform  in  the 
view  that  its  seat  is  to  be  found  in  the  hypothetical  electric  currents  of 
the  rarefied  upper  atmosphere.  Our  result  is  to  attribute  it  to  two 
f  external  fields,  having  their  seat  in  the  sun,  interacting  upon  each  other 

and  upon  the  earth's  internal  potential.  It  is  clear  that  these  fields 
possess  all  the  properties  required  by  the  analysis  of  the  observations, 
'  as  herein  described,  to  account  for  the  phenomena.    The  electric  air 

currents  are  merely  equivalent  to  the  magnetic  fields,  and  in  themselves 
these  equivalents  have  no  advantage  over  the  other  in  the  discussion, 
unless  they  can  be  primarily  shown  to  really  exist. 

Briefly,  the  argument  stands  as  follows:  Admitting  that  electric 
carrents  exist  in  the  atmosphere,  as  must  be  the  case  if  there  is  any 
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variation  of  the  magnetic  potential,  we  have  shown  that  the  magnetic 
fields,  in  addition  to  that  effect,  exhibit  sach  x>ecnliar  projierties  as  to 
render  the  explanation  intelligible  only  by  placing  their  seat  outside 
the  earth's  atmosphere,  and  specifically  in  the  sun.  If  the  sonrce  of 
the  variations  under  discussion  is  only  within  the  earth's  atmosphere, 
how  is  the  periodicity  and  the  inversion  found  in  the  observations  to  be 
accounted  fort  Also,  how  is  the  eleven-year  system  of  synchronons 
variations  of  the  earth  and  the  sun  to  be  explained,  unless  we  suppose 
that  the  earth  has  power  euoagh  to  change  the  state  of  the  sun  itself, 
an  idea  which  seems  inadmissible.  Several  objections  to  ascribing  the 
variations  of  the  earth's  field  to  the  atmospheric  convection  currents 
of  meteorology  have  been  already  mentioned,  and  these  must  also  be 
suitably  overcome.  It  is  admitted  that  during  the  mutual  readjust- 
ments  of  the  magnetic  fields  currents  of  electricity  exist  throughout 
the  atmosphere;  also  a  change  in  the  wave  lengths  of  the  electromag- 
netic external  fields  may  be  a  source  of  the  atmospheric  electricity;  bat 
these  subjects  must  be  more  fully  studied,  if  possible,  before  a  decisive 
statement  can  be  offered.  The  synchronism  between  the  solar  and  the 
terrestrial  phenomena,  the  periodicity  and  inversion  of  type  in  the  polar 
field,  the  peculiar  distribution  of  the  magnetic  vectors  in  the  electro- 
magnetic field,  are  therefore  the  chief  points  to  explain  on  the  atmos- 
pheric electric-current  theory.  These  currents,  as  well  as  the  earth 
electric  currents,  are  necessary  consequences  of  the  interaction  of  the 
three  fields  described,  including  their  own  variations  in  strength  and 
the  induced  variations  dae  to  motion  of  the  planet.  But  it  is  hardly 
possible  to  consider  such  electric  currents  as  the  true  source  of  all  the 
phenomena  heretofore  mentioned  in  detail. 


GENERAL  SUMMARY. 

A  summary  of  the  contents  of  this  bulletin  indicates  that  the  old 
problem  of  the  causal  connection  between  certain  solar  and  terrestrial 
phenomena  has  been  brought  one  stage  nearer  its  solution.  The  inves- 
tigation was  carefully  founded  upon  the  observations  of  the  magnetic 
and  meteorological  elements,  and  it  has  been  thought  proper  not  to 
encumber  the  exjiosition  with  much  computation,  though  the  necessary 
working  formulae  are  collected  together  for  the  convenience  of  the 
reader.  No  hypothesis  was  presupposed  in  the  discussion  of  the  obser- 
vations which  lead  to  the  residuals  obtained,  but  certain  deductions 
were  afterwards  drawn  from  them  which  seem  to  be  warranted  by  the 
facts  of  the  case.  Among  the  leading  conclusions  thus  deduced  from 
the  observations  may  be  mentioned : 

1.  The  determination  and  practical  use  cf  a  x>eriod  of  the  synodical 
rotation  of  the  sun,  26.67928  days,  which  seems  to  hold  good  for  at 
least  a  half  century. 
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2.  The  construction  of  a  typical  carve,  which  represents  the  relative 
intensity  of  the  normal  magnetic  field  of  the  sun  at  the  distance  of  the 
earth. 

3.  The  detection  of  this  curve  in  solar  and  terrestrial  phenomena, 
together  with  its  inversion  during  the  passage  of  the  earth  about  the 
sun. 

4.  The  statement  of  several  arguments  in  favor  of  the  dii'ect  magnetic 
action  of  the  sun  upon  the  earth. 

5.  The  vectors  of  the  lines  of  the  solar  magnetic  field  as  distorted  by 
the  earth,  and  the  conclusion  that  the  outer  sliell  of  the  earth  is  alone 
permeable  to  such  lines  of  force. 

6.  The  analysis  of  the  diurnal  variations  of  the  needle,  and  the  con- 
clusion that  the  electromagnetic  field  of  the  sun  acts  like  a  unitbrm  mag- 
netic field  upon  such  a  configuration  as  the  earth,  independent  of  the 
coronal  field,  its  axis  (>f  magnetization  being  at  right  angles  to  the  direc- 
tion of  the  field. 

7.  The  inference  that  the  earth's  atmosphere  is  thrown  out  of  equi- 
librium by  a  uniform  heating  on  the  tropical  zones,  together  with  an 
intermittent  cooling  upon  the  polar  cap,  the  latter  being  caused  by  the 
direct  magnetic  field  of  the  sun. 

8.  An  outline  in  Bulletin  20  of  the  scheme  of  the  relation  of  these 
systems  of  force  to  the  circulation  of  the  air,  whereby  a  modification  of 
the  commonly  accepted  theory  of  cause  of  the  formation  of  cyclones  is 
suggested. 

9.  The  cloud  work  now  being  prosecuted  by  the  Weather  Bureau 
will  probably  afford  the  data  necessary  to  settle  this  branch  of  the 
problem. 

10.  It  is  very  desirable  that  magneticians  should  establish  some  per- 
manent observatories,  especially  in  the  polar  regions  of  North  America 
and  the  northwestern  United  States,  in  order  that  these  problems  may 
be  more  efficiently  studied. 

This  bulletin  may  properly  be  concluded  with  an  estimate  of  the  prob- 
able value  of  this  magnetic  polar  field  in  forecasting.  No  negative  or 
adverse  opinions  can  be  accepted  as  final  regarding  its  practical  uses, 
because  it  has  not  been  tried ;  while,  on  the  other  hand,  it  has  been  shown 
that  the  magnetic  field  is  intimately  associated  to  some  extent  with 
the  production  of  the  weather  conditions.  The  force  is  itself  extraor- 
dinarily sensitive,  too  much  so  for  very  simple  operations  and  unin- 
structed  observers,  till  our  instruments  are  modified.  It  has  a  great 
range  of  operation  in  space  and  time,  being  in  fact  the  golden  thread 
of  continuity  running  through  the  otherwise  apparently  lawless  suc- 
cession of  weather  variations.  The  mean  curve  has  a  forecasting  power 
to  the  amount,  approximately,  of  75  per  cent  in  the  Dakotas,  so  far  as 
the  broad  features  of  the  highs  and  lows  are  concerned,  and  it  is 
e8f>ecially  useful  in  the  classification  of  all  meteorological  data.  It  con- 
tains a  very  promising  method  of  finding  a  solution  of  the  problem  of 
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the  causes  of  the  marked  seasonal  changes  of  the  weathef  in  the  United 
States.  Next  to  the  barometer  and  thermometer  a  magnet  is  the  most 
valuable  instrament  in  meteorological  science.  There  are  doabtless 
difficulties  to  overcome  in  order  to  reduce  the  subject  to  its  practical 
application  in  the  service  of  the  Weather  Bureau,  but  there  are  grounds 
for  hoping  that  this  can  be  done. 

The  renewed  interest  during  recent  years  in  the  subject  of  cosmicai 
magnetism,  joined  to  the  great  advancement  in  the  general  knowledge 
of  electricity  and  magnetism,  warrants  the  ex))ectation  that  much  prac- 
tical advantage  can  be  gained  by  a  complete  understanding  of  the 
laws  of  this  department  of  natural  science. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  op  Agricultubb, 

Weather  Bureau, 

Washington,  D.  0.,  May  25,  1898. 
Hon.  James  Wilson, 

Secretary  of  Agrictdture,  Washington,  D.  C. 

Dear  Sir:  I  have  the  honor  to  transmit  herewith  a  brief  report 
on  the  temperature  and  rainfall,  and  some  other  climatic  features  of 
the  Island  of  Cuba,  which  has  been  somewhat  hastily  compiled  by 
Dr.  W.  F.  R.  Phillips  of  this  office  and,  also,  a  note  on  the  weather  of 
Manila. 

Meteorological  information  regarding  the  Island  of  Cuba  is  very 
scant,  aiid  the  data  compiled  in  the  various  tables  of  the  accompany- 
ing report  represent  about  all  the  precise  meteorological  information 
to  be  had  for  the  Island.  For  the  purpose  of  comparison,  the  tem- 
perature, rainfall,  and  number  of  rainy  days  at  Washington,  D.  C, 
and  New  Orleans,  La.,  have  been  introduced  in  several  of  the  tables 
(Nos.  1, 2,  and  8),  the  data  being  printed  in  bold-faced  type  to  attract 
special  attention.  It  will  perhaps  not  be  inappropriate  to  empha- 
size several  points  upon  which  there  may  be  misapprehension.  The 
average  summer  temperature  (June,  July,  and  August)  of  Habana  is 
82.0°  P.,  that  of  New  Orleans,  81.6°  F.,  and  that  of  Washington, 
76.0°  F.  The  highest  temperature  recorded  in  ten  years  at  Habana 
was  100.6°  F.,  while  at  Washington  the  highest  temperature  has  been 
104°  F.  The  average  annual  rainfall  at  Habana  is  61.78  inches,  and 
is  less  than  that  at  New  Orleans,  which  is  60.62  inches ;  the  rainfall 
at  Washington  is  44.70  inches.  On  page  11  will  be  found  an  inter- 
esting analysis  of  the  rainfall  for  thirty  years  at  Habana.  During 
this  period  five  occasions  have  happened  when  as  much,  or  more,  rain 
fell  in  the  usual  "dry  season  "  as  in  the  " rainy  season."  The  average 
amount  of  rain  falling  in  the  "  rainy  season,"  which  extends  from 
May  to  October,  is  82.87  inches.  In  the  same  months,  the  average 
rainfall  for  New  Orleans  is  27.00  inches,  and  for  Washington,  24.10 
inches. 

I  recommend  that  the  report  be  printed  as  a  bulletin  of  the 

Weather  Bureau. 

Very  respectfully, 

Willis  L.  Moore, 

Chief  of  Bureau. 
Approved: 

James  Wilson, 

Secretary. 
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otjTmatb  of  ouba. 


INTRODUCTION. 


There  appears  to  be  very  little  precise  and  accurate  information 
obtainable  regarding  the  climate  of  Cuba.  Ramon  de  la  Sagra,  in  his 
Historie  Physique  de  Cuba,  quotes,  as  the  earliest  record  he  had  con- 
sulted, a  year's  observations  of  the  barometer  and  thermometer  made 
in  Habana  in  1794.  The  thermometer  readings,  however,  appeared 
to  be  in  error  from  some  cause  or  other  not  known  and  were  con- 
sidered too  inaccurate  to  use.  Trustworthy  observations  of  tempera- 
ture were  made  in  Habana  by  D.  Antonio  Robledo,  in  1800,  1801, 
1806,  and  1807,  and  by  D.  Joseph  Ferrer,  in  1810,  1811,  and  1812. 

Systematic  meteorological  observations  were  begun  in  Habana 
about  1860  and  kept  up  for  some  years  by  Andre  Poey,  but  the  data 
were  probably  not  published,  at  least  no  reference  to  them  can  be 
found  in  the  very  complete  index  of  meteorological  data  of  the 
Weather  Bureau. 

At  only  one  station  have  systematic  meteorological  observations 
been  made  and  published  for  any  considerable  time,  and  that  is  the 
observatory  of  Helen  College,  Habana.  Observations  were  begun  at 
Belen  College  in  1869  and  have  been  continued  to  the  present.  VThe 
daily  meteorological  observations  made  at  Belen  College  have  been 
published  with  more  or  less  regularity  in  annual  volumes.  With 
one  or  two  exceptions,  and  then  only  for  relatively  short  periods,  no 
compilation  of  the  monthly  averages  has  been  published. 

Apart  from  the  observations  of  Belen  College  and  the  brief  records 
already  named,  only  fragmentary  meteorological  data  for  other  parts 
of  the  island  have  been  found.  Temperature  observations  made  in 
1796-99  at  Ubajay,  a  village  about  16  miles  southwest  of  Habana; 
two  years'  observations  between  1832  and  1836  at  Matanzas ;  eighteen 
months'  observations  in  1839  and  1840  at  a  place  in  the  interior  about 
160  miles  eastward  of  Habana,  the  San  Fernando  mines ;  tind  frag- 
mentary observations  at  Santiago  de  Cuba  and  Trinidad  de  Cuba 
comprise  all  the  data  to  be  found. 

A  good  deal  of  meteorological  data,  especially  of  rainfall,  is,  how- 
ever, to  be  had  for  adjacent  and  neighboring  islands,  and  which  by 
judicious  use  may  be  made  to  be  of  considerable  service  in  forming 
an  intelligent  idea  of  the  climate,  or  climates,  of  Cuba.  With  this 
purpose  in  view,  temperature  and  rainfall  data  have  been  compiled 
from  the  following  places,  viz :  To  the  north,  Key  West,  Fla.,  and 

Nassau,  Bahamas ;   to  the  east.  Port  au  Prince,  Haiti,  San  Juan, 
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Puerto  Rico,  and  St.  Thomas;  and  to  the  south,  Kingston  and  other 
stations  in  Jamaica.  To  the  west  there  are  no  islands,  and  the 
nearest  meteorological  station  is  at  Merida,  Yucatan.  Also  for  gen- 
eral information  and  because  of  some  climatic  relevancy  that  may 
exist,  meteorological  statistics  from  the  islands  of  Martinique,  St. 
Vincent,  Barbados,  and  Trinidad  have  been  compiled  and  introduced. 
The  different  statistics  are  shown  more  or  less  in  detail  in  the  tables 
to  be  found  in  the  text,  or  appended  thereto. 

GEOGRAPHICAL  POSITION. 

With  the  exception  of  the  northern  part  of  the  Bahamas,  the 
large  group  of  islands  collectively  known  as  the  West  Indies  lies 
witiiin  the  north  tropical  zone,  being  situated  in  the  greater  part 
between  the  Tropic  of  Cancer  and  the  tenth  parallel  of  north 
latitude,  and  between  the  sixtieth  and  eighty-fifth  meridians  of  west 
longitude.  The  total  number  of  islands  comprising  the  West  Indies 
is  somewhat  more  than  1,000,  and  the  total  land  area  is,  in 
round  numbers,  about  96,000  square  miles.  Cuba,  Haiti,  Jamaica, 
and  Puerto  Rico,  which  comprise  little  more  than  three-fourths  of 
the  total  area  of  the  West  Indies,  are  virtually  included  between  the 
parallels  of  17^  and  28^  north  latitude.  The  greater  part  of  the  land 
area  lies  at  a  considerable  elevation  above  sea  level;  more  than 
16,500  square  miles  lie  at  an  altitude  of  1,600,  or  more,  feet  above  the 
sea.  The  Bahamas  are  the  lowest  and  rise  but  little  above  the  sea, 
the  highest  hill  being  only  280  feet. 

The  area  of  Cuba  and  its  dependent  islands  is  about  43,000  square 
miles.  Its  extreme  length,  measured  along  a  curved  line  following 
its  center,  is  780  miles,  and  its  average  breadth  about  80  miles.  The 
physical  aspect  of  the  interior  of  Cuba,  according  to  Humboldt,  "  is 
gently  undulating  and  like  that  of  England,  not  more  than  280  to 
380  feet  above  the  level  of  the  sea.  The  village  of  Ubajay,  about  16 
miles  distant  from  Habana,  in  a  southwesterly  direction,  is  242  feet 
above  the  sea.'' 

The  highest  part  of  the  island  is  the  range  of  mountains  known  * 
as  the  Sierra  Maestra,  bordering  the  southeast  coast  from  Cape  Cruz 
to  Cape  Maysi.  The  highest  mountain  peaks  are  the  Pico  de  Tar- 
quino,  7,670  feet,  the  highest  point  in  the  island;  Gran  Pedra, 
5,200  feet ;  Junque  and  Ojo  del  Toro,  3,000  feet.  From  this  range 
there  extends  very  nearly  through  the  center  of  the  island  a  general 
ridge  of  very  much  less  elevation,  though  in  the  extreme  western 
part  it  rises,  in  the  Pan  de  Guajaibon,  to  an  elevation  of  2,530  feet. 
This  ridge  divides  the  island  into  two  general  watersheds,  from  which 
its  rivers  flow  in  northerly  and  southerly  directions,  respectively. 

CLIMATE. 

The  Qlimate  of  the  West  Indies  presents,  with  respect  to  both 


temperature  and  rainfall,  considerable  variations  from  the  generally 
conceived  idea  of  tropical  uniformity.  These  variations  are  largely, 
if  not  entirely,  caused  by  differences  in  altitude  and  position  with 
respect  to  the  prevailing  winds  of  the  zone. 

Meteorologically  considered  the  West  Indies  lie  between  the  sea- 
level  isotherms  of  about  77^  and  80^,  and  have  an  average  annual 
rainfall  of  about  60  inches,  the  greater  part  of  which  falls  from  May 
to  October.  The  average  humidity  of  the  atmosphere  is  approxi- 
mately about  75  per  cent  of  the  amount  required  for  saturation  at 
the  average  annual  temperature.  The  prevailing  winds  are  from  the 
east  and  north  of  east,  the  *'  northeast  trades,"  and  blow  with  great 
regularity  and  uniformity. 

TEMPERATURE. 

The  average  annual  temperature  of  Habana,  as  determined  from 
the  observations  at  Belen  College,  made  during  the  decennium 
1888-1897,  may  be  stated  in  round  numbers  as  77^  F.  In  this 
decennium  the  highest  annual  temperature  was  77.2^,  and  this 
occurred  upon  three  occasions ;  and  the  lowest  annual  temperature 
was  76.1^,  and  happened  upon  only  one  occasion,  showing  in  the  ten 
years  an  extreme  range  in  annual  averages  of  but  1.1^  F.  It  would, 
therefore,  seem  probable  that  the  mean  temperature  for  the  decen- 
nial period  1888-1897  is  about  a  true  average  for  Habana  for  any 
long  period.  The  warmest  month  at  Habana  is  July,  with  an  aver- 
age temperature  of  82.4^  F.  The  warmest  July  in  this  decennium  had 
an  average  temperature  of  83.5^  F.,  and  the  coolest  July  a  tempera- 
ture of  81.7^  F.  The  warmest  single  month  in  the  decennial  period 
was  August,  1888,  when  the  average  temperature  was  84.2^  F.  The 
coldest  month  is  January  with  an  average  temperature  of  70.3^  F.,  and 
the  warmest  and  coldest  Januaries  in  this  decennium  were,  respect- 
ively, 73.4^  F.  and  67.5^  F.  The  highest  temperature  recorded  was 
100.6^  F.  in  July,  1891,  and  the  lowest,  49.6°  F.  in  February,  1896. 
,  For  Matanzas,  on  the  coast  about  50  miles  east  of  Habana,  there  is 
a  record  for  two  years,  beginning  in  August,  1832,  and  ending  in  July, 
1833,  and  again  beginning  in  January,  1835,  and  ending  with  Decem- 
ber of  the  same  year.  From  this  record  the  mean  annual  tempera- 
ture at  Matanzas  appears  to  be  about  78°.  The  highest  temperature 
is  recorded  as  93°,  and  the  lowest  as  51°. 

At  Santiago,  on  the  extreme  southeast  coast,  the  temperature  is 
apparently  higher  than  on  the  northern  and  western  coasts,  and 
from  the  meager  data  available  appears  to  be  about  80°,  with  an 
average  difference  between  the  warmest  and  coldest  months  of 
about  6°  F.  A  very  short  fragment  of  a  record  of  temperature  has 
been  found  for  Trinidad  de  Cuba,  about  midway  on  the  southern 
coast,  giving  the  average  temperature  from  December,  1851,  to  March, 
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1852,  for  the  hours  of  7  a.  m.,  2  p.  m.,  and  7  p.  m.,  as  72.8^,  78.7®, 
and  76.3®  F.,  respectively,  and  the  observer  remarks  that  daring  that 
period  the  highest  temperature  recorded  was  84®,  and  the  lowest  64.5® 
F.,  and  the  greatest  range  in  any  twenty-four  hours  was  9.5®,  which 
occurred  upon  the  day  having  the  highest  temperature. 

For  the  interior  of  the  island  only  two  temperature  records  have 
been  found,  namely,  for  Ubajay,  and  the  mines  of  San  Fernando. 
XJbajay  is,  or  was  at  the  time,  a  village  about  15  miles  southwest  of 
Habana,  and  about  242  feet  above  sea  level.  Its  average  temperature 
from  four  years'  observations  was  73.6®  F.  The  record  is  quoted  by 
Baron  Humboldt  and  was  made  during  1796-1799.  The  place  given 
as  San  Fernando  mines  is  about  150  miles  eastward  of  Habana,  and 
is  554  feet  above  sea  level.  The  temperature  record  is  for  the  year 
1839,  and  shows  an  average  of  75®.  From  these  records  the  average 
annual  temperature  of  the  interior  of  the^sland  would  appear  to  be 
considerably  lower  than  on  the  coast. 

The  shortness  of  the  records  at  Ubajay,  Matanzas,  and  San  Fer* 
nando  mines,  and  the  additional  fact  of  the  chronological  differences 
in  the  several  series  of  observations  above  quoted  preclude  any  direct 
comparison  between  the  temperatures  at  the  different  places.  How- 
ever, the  following  table  is  interesting  enough  for  insertion : 


Months. 


Jannaiy*" 
Febnuury  . 

March 

April 

Mat 

June 

Jnly  

Augast.... 
September 
October  .. 
Norember 
December. 

Year 


Ubajay, 
1796-99. 

Habana. 

1704. 

180O-1. 
180^7. 

1810-12. 

188^97. 

65.8 

74.1 

66.8 

70.0 

70.8 

67.5 

75.6 

70.0 

72.0 

72.0 

66.9 

78.8 

7S.0 

75.7 

78.2 

70.0 

80.6 

75.4 

79.0 

76.1 

76.1 

82.6 

79.7 

82.6 

78.8 

82.2 

84.9 

88.7 

88.1 

81.5 

88.7 

87.6 

85.8 

88.8 

82.4 

88.8 

86.9 

88.6 

88.8 

88.2 

79.5 

86.7 

80.6 

82.0 

80.7 

76.6 

88.1 

78.4 

79.6 

78.1 

69.8 

81.0 

72.6 

75.6 

75.8 

68.  S 

75.0 

70.0 

72.0 

71.4 

78.6 

81.6 

77.0 

78.8 

76.8 

New 
Orleans, 
18?»-91. 


54.4 

68.5 
68.6 
69.0 
74.9 
80.6 
82.4 
81.8 
78.4 
70.4 
61.2 
66.0 

09.2 


The  temperatures  given  above  for  Habana  for  the  years  1800, 1801, 
1806,  1807,  and  1810-12  are  upon  the  authority  of  Humboldt  and 
Ramon  de  la  Sagra.  Those  for  Habana  for  1888-97  are  from  the 
records  of  Belen  College.  The  data  given  for  Habana  for  1794  are 
the  observations  already  referred  to  as  rejected  by  Ramon  de  la 
Sagra.  The  New  Orleans  data  are  from  the  Weather  Bureau  records, 
and  are  introduced  for  the  purpose  of  comparison. 

From  observations  made  in  Jamaica,  at  different  altitudes,  it  ap* 
pears,  according  to  Maxwell  Hall,  that  near  the  sea  level  the  mean 
temperature  decreases  about  1^  F.  for  every  315  feet.    The  following 


table  showing  the  decrease  of  temperature  as  affected  by  elevation  in 
Jamaica  is  given  by  Maxwell  Hall : 


station. 


Kingston 

Kempshot 

Chinchona  Plantation 

Portland  Gap 

Bine  Mountain  Peak  . 


Elevation. 


FmI, 
50 
1.778 
4,907 
N477 
7,428 


Barometric 
pressure. 


Inche». 
29.96 
28.20 
26.27 
24.71 
23.14 


Temperature. 


Mean. 


78.1 
72.7 
02.6 
50.7 
65.7 


Maxi- 
mum. 


o 

87.8 
80.6 
68.5 
60.0 
71.1 


Mini- 
mum. 


o 

TO.  7 
68.0 
87.6 
54.6 
46.8 


Range. 


o 

17.1 
12.5 

ii.e 

14.4 
24.8 


This  table  presents  some  interesting  features.  It  will  be  noticed 
that  the  mean  and  minimum  temperatures  fall  progressively  as  the 
altitude  increases,  and  likewise  the  maximum  temperature  till  an 
elevation  of  about  5,000  feet  is  reached,  after  which  it  begins  to  rise. 
The  diurnal  range  of  temperature  is,  also,  shown  to  undergo  first  a 
decrease  and  subsequently  an  increase. 

It  may  be  stated,  generally,  that  the  individual  monthly  tempera- 
tures depart  but  little  from  their  normals.  On  the  other  hand, 
although  the  information  is  not  in  form  for  statistical  treatment,  there 
is  testimony  to  show  that  sudden  variations  in  the  temperature  of 
the  day  are  not  unusual  or  unknown.  Humboldt  states  that  changes 
in  temperature  occur  very  suddenly  in  Habana,  and  gives  an  in- 
stance of  the  fall  of  the  thermometer  in  the  shade  in  the  space  of 
three  hours  from  89^  to  74°,  a  very  considerable  fall  for  the  tropics 
certainly,  and  one  that  occurring  on  a  summer's  day  even  in  the 
temperate  latitudes  would  impress  itself  quite  noticeably. 

The  maximum  temperature  is  reached  between  noon  and  2  o'clock 
in  the  afternoon,  and  the  minimum  between  dawn  and  sunrise.  The 
average  diurnal  range  of  temperature  is  about  10°.  The  general 
course  of  the  temperature  from  hour  to  hour  is  fairly  accurately 
shown  in  the  table  following,  which  has  been  computed  from  the 
reports  of  Belen  College: 


Month. 


January... 
February  . 

March 

April 

May 

June    ...  . 

July 

August.... 
September 
October... 
Xorember 
December. 


A.  AL. 


64.6 
66.0 
67.8 
70.0 
72.7 
76.0 
75.7 
76.8 
75.6 
78.9 
71.1 
67.8 


64.2 
65.7 
66.0 
69.6 
72.9 
76.6 
76.9 
76.8 
76.4 
78.6 
70.7 
66.9 


8 


65.8 
67.6 
70.8 
78.4 
78.8 
81.5 
81.9 
81.1 
79.8 
76.6 
78.4 
68.7 


10 


70.9 
72.8 
76.7 
79.6 
82.8 
84.9 
86.2 
86.8 
88.8 
80.6 
77.5 
78.4 


Noon. 


2 


78.6 
75.6 
78.4 
81.8 
88.1 
86.6 
87.1 
86.9 
85.1 
81.9 
79.2 
75.2 


P.M. 


74.1 
76.8 
79.2 
81.1 
88.8 
85.5 
87.7 
88.7 
84.6 
82.0 
79.2 
75.7 


78.2 
75.6 
78.1 
80.8 
82.8 
84.0 
85.6 
85.5 
88.7 
80.4 

rr.9 

74.5 


6 


70.9 
72.9 
75.0 
77.9 
80.4 
82.0 
88.5 
88.8 
81.8 
78.8 
76.7 
72.8 


8 


60.1 
70.7 
72.7 
75.2 
77.5 
79.2 
80.2 
80.6 
79.8 
77.0 
74.6 
70.9 


10 


07.6 
00. 1 
71.1 
78.8 
76.8 
77.7 
78.8 
79.5 
78.8 
76.1 
78.4 
00.8 
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ATMOSPHERIO   MOISTURE. 

Relative  humidity. — The  relative  humidity  of  the  atmosphere 
appears  to  be  fairly  constant,  as  far  as  can  be  determined  from  the 
observations  available.  It  averages  about  75  per  cent  of  saturation. 
The  mean  relative  humidity  of  the  different  months  differs  hardly 
enough  to  characterize  one  month  as  being  drier  or  damper  than 
another. 

From  observations  made  at  Habana  at  different  hours  of  the  day 
it  appears  that  the  diurnal  range  of  the  relative  humidity  is  con- 
siderable, varying  from  a  maximum  of  about  88  per  cent  in  the 
morning  to  a  minimum  of  about  64  per  cent  at  noon.  The  following 
table  shows  the  average  relative  humidity  at  certain  hours  of  the  day: 


Month. 


Janaary... 
February . 
March  •  . . 

April 

May 

June 

July 

August.... 
September 
October... 
November 
December. 


A»   J&* 


84 
85 
8S 
88 
85 
80 
88 
87 
90 
88 
86 
88 


85 
86 
86 
84 
85 
80 
86 
86 
90 
80 
87 
82 


8 


81 
78 
78 
78 
77 
76 
78 
88 
80 
88 
TO 


10 


70 
68 
64 
61 
68 
67 
64 
64 
72 
72 
71 
67 


Noon 


68 
68 
68 
68 
68 
67 
68 
68 
70 


64 


P.M. 


8 


68 
61 
58 
60 
68 
67 
64 
64 
71 
60 
68 
64 


66 
68 
62 
60 
66 
70 
67 
67 
74 
72 
72 
67 


TO 
TO 
67 
60 
74 
70 
78 
78 
78 
77 
72 


77 
76 
75 
78 
TS 
81 
78 
78 
88 
81 
80 
75 
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79 
79 
79 
76 
78 
84 


84 
88 
77 


Absolute  humidity. — The  absolute  humidity  is  very  great.  At 
Habana  the  average  is  about  7.6  grains  of  vapor  to  the  cubic  foot  of 
air,  and  at  Kingston,  Jamaica,  it  is  about  8.0  grains  to  the  cubic  foot. 
At  Habana  the  absolute  humidity  varies  from  6.2  grains  per  cubic 
foot  in  January  to  8.9  grains  in  September,  and  at  Jamaica  from  7.1 
grains  in  January  to  8.8  grains  in  September. 

RAINFALL. 

The  rainfall  shows  to  a  greater  degree  than  the  temperature  the 
influence  of  locality  and  season  of  the  year.  The  average  rain- 
fall for  Habana  is  about  52  inches  for  the  year,  and  for  Eangston, 
Jamaica,  about  82  inches,  while  the  average  for  the  whole  of  Jamaica 
appears  to  be  from  about  65  to  67  inches.  The  greatest  rainfall  is 
reported,  however,  from  the  island  of  Martinique,  and  varies  from 
133  inches  at  Fort  de  France  to  93  inches  at  St.  Pierre.  The  rain- 
fall is,  as  a  rule,  greater  on  north  and  east  coasts  than  on  south  and 
west  coasts. 

The  fall  of  rain  is  greatest  during  the  monthil  of  May  to  October. 
On  an  average  the  greatest  rainfall  occurs  in  October,  and  the  next 
greatest  in  June.  During  the  months  of  July  and  August  there 
appears  quite  a  noticeable  falling  off  in  the  amount  of  aqueous  pre- 
cipitation in  comparison  with  the  months  of  June  and  October. 
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The  desoription  of  the  rainfall  of  Cuba  virtually  resolves  itself,  so 
far  as  present  information  goes,  into  that  of  the  rainfall  at  Habana. 
The  short  and  fragmentary  records  at  Matanzas,  Santiago  de  Cuba, 
and  the  San  Fernando  mines  can  not  be  considered  as  representative 
of  the  character  and  quantity  of  rainfall  in  their  respective  localities. 

Rainfall  at  Habana. — Observations  have  probably  been  taken  con- 
tinuously at  Belen  College  Observatory  since  1869,  but  the  records  on 
file  in  the  Library  of  the  Weather  Bureau  show  a  hiatus  from  1876 
to  1884,  inclusive.  In  the  combined  periods,  1859-75  and  1885- 
97,  the  greatest  annual  rainfall  was  71.40  inches  in  1867,  and  the 
smallest  fall  was  40.59  inches  in  1861.  The  average  rainfall  for  the 
thirty  years  was  51.73  inches.  The  monthly  rainfall  for  the  thirty 
years  is  shown  in  detail  in  Table  IV. 

Rainy  season. — ^The  season  of  heavy  rainfall  for  the  West  Indies 
in  general  begins  with  May  and  ends  with  October,  as  has  already 
been  stated. 

The  rainy  season  at  Habana  begins  in  the  latter  part  of  May  and 
the  first  of  June  and  ends  with  October.  Relatively  the  greater  bulk 
of  the  rain  falls  during  the  months  from  June  to  October.  The 
average  rainfall  for  this  period  is  82.37  inches,  or  63  per  cent  of 
the  annual  fall.  The  following  table  shows  the  amount  falling  in 
the  rainy  and  dry  seasons  of  each  year  of  the  periods  1859-75  and 
1885-97: 

Amount  of  rainfall  at  Habana. 


Tear. 


1880. 

1800 

1861. 

1808. 

1888. 

1884. 

1806. 

1800. 

1807. 

1808. 

1800. 

1870. 

18n. 

1879. 

1878. 

1874. 

1876. 

1886. 

1888. 

1887. 

1888 

1880. 

1800. 

1801. 

1808. 

1808. 

1804. 

1806. 

18B6. 

1807. 


Rainy  season  (June 

to  October, 
Inoluslve,  5  months) . 


Amoant. 


38.44 
87.80 
88.70 
80.00 
88.07 
88.68 
86.80 
88.80 
46.00 
88.00 
88.04 
88.88 
88.  &8 
87.60 
84.18 
48.11 
27.08 


80 
47 
88 
88 
86 


40 
88 
88 
88 
81 
27 


.70 
40 
88 
.07 
.71 
.16 
.08 
.40 
96 
.08 
.78 
.00 
.70 


Percent 

of 
annual* 


08 
08 
71 
70 
61 
00 
64 
78 
04 
44 
41 
70 
78 
86 
47 
70 
06 

60 
74 
00 
46 

60 
60 
06 
86 
04 
76 
00 
00 
00 


Dry  season  (Novem- 

ber  to  May, 
inclusive  ,7months). 


Amount. 


10.40 
10.06 
11.88 
16.80 
88.08 
10.86 
81.67 
18.66 
86.74 
87.80 
88.16 
18.80 
14.88 
80.88 
87.86 
11.07 
14.08 

81.88 
17.04 
10.06 
80.64 
84.08 
88.41 
80.61 
8.81 
81.04 
13.08 
17.07 
10.07 
18.61 


Percent 

of 
annual. 


87 
87 
80 
80 
40 
40 
40 
87 
80 
66 
60 
80 
87 
48 
58 
81 


44 

80 
84 
06 

40 
60 
86 
16 
80 
86 
81 
40 
40 
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In  the  island  of  Jamaica  the  rainy  season  appears  to  begin  in  May 
and  end,  as  at  Habana,  in  October.  At  Port  an  Prince,  Haiti,  and 
San  Juan,  Puerto  Rico,  it  begins  in  April  and  ends  at  the  former  in 
October  and  at  the  latter  in  November,  while  in  the  island  of  St. 
Thomas,  to  the  east  of  Puerto  Rico,  the  rainy  season  appears  to  be 
embraced  in  the  months  of  October,  November,  and  December ;  also 
in  other  islands  of  the  Lesser  Antilles  irregularities  are  observed. 

Rainy  days. — ^The  number  of  days  on  which  rain  falls  is,  upon  the 
whole,  considerable,  about  one  day  out  of  three  at  Habana  and  almost 
two  days  out  of  every  three  at  Fort  de  France.  The  general  charac- 
ter of  the  rainfall  appears  to  be  heavy  downpours  of  short  duration, 
and  this  is  particularly  the  case  during  the  summer  months,  or  as 
the  time  is  more  generally  known  in  the  West  Indies,  "the  rainy 
season."  The  following  table  shows  the  greatest  twenty-four  hour 
rainfall  for  each  month,  as  recorded  at  Habana,  during  the  decen- 
nium  1888-97 : 


188&-g7. 


January,  c 
February 
Maroh.... 

April 

May 

June 


Greatest 

rainfall  in 

94  hours. 


Inchst. 
8.g6 
8.79 
8.06 
8.46 
6.87 
4.66 


1888-97. 


July 

August.... 
September 
October... 
November 
December. 


Greatest 

rainfall  in 

84  hours. 


8.88 
8.70 
8.76 
6.88 
8.78 
8.88 


Notwithstanding  the  frequency  of  rain  during  the  summer  months 
they  do  not  present  the  greatest  number  of  cloudy  days.  The  rains, 
'' although  copious,  are  of  short  duration,  and  those  days  on  which 
showers  do  fall  are,  in  general,  perfectly  cloudless.  It  may  almost 
be  said  that  during  these  months  no  clouds  are  to  be  seen  in  the 
atmosphere,  except  while  the  showers  are  falling,  while  in  other 
months  cloudy  days  sometimes  occur  without  rain." 

WIND. 

The  prevailing  winds  of  this  region  are  the  ''  northeast  trades." 
Except  when  influenced  by  the  passage  of  cyclonic  and  anti- 
cyclonic  areas  the  wind  blows  steadily  from  points  between  east  and 
north.  During  the  passage  of  storms  and  areas  of  high  barometric 
pressure  however,  the  winds  may  blow  from  any  direction,  being  gov- 
erned in  this  regard  by  the  location  of  the  center  of  cyclonic  or  anti- 
cyclonic  activity.  In  the  winter  season,  cold  waves  in  the  United 
States,  when  extending  far  to  the  southward,  cause  cold,  northerly 
winds,  or  ^'  northers,"  along  the  north  Cuban  coast. 

The  average  velocity  of  the  wind  at  Habana  is  about  7.6  miles  an 
hour.  The  velocity,  however,  varies  considerably  with  the  season, 
being  highest  in  winter,  when  its  average  velocity  is  8.5  miles  an 
hour,  and  lowest  in  summer  when  its  velocity  is  6.5  miles  an  hour. 
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The  velocity  is  also  higher  on  northern  coasts  than  on  southern 
coasts,  as  is  shown  by  comparison  of  the  anemometer  records  of 
Habana  and  Kingston.  The  diarnal  variation  in  the  velocity  of  the 
wind  is  much  more  pronounced  than  the  seasonal  variation.  The 
following  table  shows  the  average  velocity  of  the  wind  at  certain 
hours  of  the  day  at  Habana,  Cuba,  and  Kingston,  Jamaica: 


Miles  an  hour. 


Hoar. 


4  a.m. 
8  a.m. 
8  a.m. 

10  a.m. 

Noon.. 
8p.  m 
4p.  m 
Cp.  m 
8p.  m 

10  p.  m 


In  climates  having  such  high  temperatures  and  humidities  as  shown 
for  the  West  Indies,  the  velocity  of  the  wind  and  its  constancy  are  of 
the  greatest  importance  to  both  comfort  and  health. 


CLOUDS. 

But  little  can  be  said  of  the  clouds.    Maxwell  Hall  states  that : 

During  the  winter  months  there  is  much  detached  stratus;  during  the  summer 
months  there  is  much  cumulus,  which  keeps  the  afternoons  cool,  especially  as 
the  cumuli  soon  degenerate  into  strato-cirrus,  and  then  disappear,  leaving  the 
nights  perfectly  clear.  When  rain  begins  to  fall  from  a  large  cumulus  a  quantity 
of  cloud  is  poured  into  the  air  from  the  top  of  the  cumulus  as  smoke  from  a  fac- 
tory chimney.  This  takes  place  in  all  parts  of  the  world  when  rain  falls  from 
cumulus,  but  in  the  temperate  zones  only  a  little /a2»0  cirruSy  or  cirri-form  is 
thrown  oif .  In  Jamaica  the  process  is  on  a  gigantic  scale,  and  the  cloud  is  spread 
out  as  a  sheet,  far  and  wide,  so  as  to  shade  the  land  for  an  hour  or  two  from  the 
direct  rays  of  the  afternoon  sun.  It  is,  therefore,  a  common  cloud  in  Jamaica. 
Its  texture  at  first  is  thick  and  woolly,  but  as  it  spreads  the  sheet  becomes 
thinner  *  *  *  and  it  finally  disappears  a  little  after  sunset,  leaving  the  even- 
ing sky  perfectly  clear. 

STORMS. 

Thunderstorms,  with  much  electrical  display,  are  of  frequent  or 
almost  daily  occurrence,  but  little  damage  results  from  them.  The 
West  Indies  are  more  or  less  subject  during  each  summer  to  one  or 
more  severe  tropical  storms  or  hurricanes.  These  storms  are  more 
likely  to  occur  in  the  months  of  August,  September,  and  October. 
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Tablk  IV. — Temperatwre  and  rainfall  at  Habana,  Ouba. 

MEAN  MONTHLY  TBMPBRATUBE. 


i 

3     January. 

o 

• 
1 

• 

1 

• 

1 

• 

« 

g 

H8 

* 

9 

5 

i 

1 

• 

1 

• 

9 

1 

• 

1 
§ 

• 

1 

XVM  •  • 

78.9 

78.6 

76.7 

78.4 

81.1 

88.6 

84.8 

80.8 

79.8 

76.0 

70.6 

77.8 

1889.. 

78.0 

78.8 

71.8 

76.1 

79.0 

88.8 

88.1 

81.9 

88.8 

T7.8 

76.6 

70.6 

77.8 

1890.. 

78.4 

78.8 

78.6 

76.8 

79.8 

88.8 

88.6 

81.0 

79.6 

79.0 

76.8 

70.8 

77.0 

1891.. 

60.8 

78.6 

74.1 

74.8 

77.7 

88.8 

88.6 

88.8 

80.8 

76.8 

74.1 

78.0 

76.8 

1898.. 

09.6 

70.7 

71.1 

77.0 

79.8 

80.8 

81.9 

81.6 

80.6 

77.0 

78.8 

71.4 

76.1 

1808.. 

67.6 

78.6 

74.8 

77.9 

80.1 

81.1 

88.6 

80.1 

79.9 

79.8 

74.6 

71.6 

77.1 

1894.. 

71.8 

78.6 

78.8 

76.8 

77.9 

79.8 

81.7 

88.6 

80.4 

76.6 

74.8 

70.7 

76.5 

1896.. 

70.8 

66.0 

74.1 

76.9 

79.9 

81.9 

88.6 

88.8 

81.1 

78.4 

76.4 

69.6 

76.6 

1896.. 

68.7 

69.8 

78.1 

76.4 

79.8 

88.8 

81.9 

88.8 

81.0 

79.8 

77.4 

71.6 

7».8 

1897.. 

09.1 

78.9 

76.1 

76.1 

77.9 

81.8 

81.7 

88.8 

79.0 

77.9 

76.1 

78.8 

77.8 

Mean 

70.8 

78.0 

78.8 

T6.1 

78.8 

81.6 

88.4 

88.8 

80.7 

• 

78.1 

76.8 

71.4 

76.8 

ABSOLUTE  MAXIMUM  TBMPBRATURE. 


looo  . . 

88.4 

86.4 

91.4 

87.8 

96.8 

96.7 

96.6 

96.6 

94.1 

91.8 

86.0 

80.6 

96.6 

1889.. 

88.1 

8rr.4 

84.7 

88.6 

98. 6 

96.8 

97.7 

96.8 

98.9 

86.4 

86.9 

80.6 

97.7 

1800.. 

88.0 

8:.i 

91.4 

98.8 

97.9 

96.4 

99.7 

98.1 

98.6 

89.1 

84.4 

88.8 

99.7 

1891.. 

80.8 

86.8 

89.1 

90.6 

98.7 

97.7 

100.6 

91.8 

98.8 

87.1 

86.1 

88.0 

100.6 

1888.. 

88.0 

84.4 

89.4 

90.1 

91.6 

94.6 

98.8 

91.8 

93.4 

86.8 

88.8 

88.7 

91.6 

1808.. 

80.8 

87.8 

90.1 

91.6 

95.4 

96.7 

98.1 

98.9 

96.6 

91.9 

84.0 

81.7 

96.7 

1894.. 

88.1 

84.9 

86.7 

86.5 

98.8 

98.8 

96.8 

98.9 

89.1 

86.9 

86.7 

88.6 

tNI.8 

1896.. 

84.4 

84.8 

87.4 

96.6 

99.0 

96.4 

96.8 

96.8 

89.6 

89.4 

88.8 

88.8 

90.0 

1896.. 

80.9 

88.6 

86.8 

86.6 

98.6 

97.8 

98.8 

90.7 

90.1 

89.8 

88.7 

81.6 

97.8 

1807.. 

79.9 

87.6 

80.0 

67.4 

86.4 

91.6 

91.8 

98.8 

90.8 

89.8 

88.8 

86.0 

08.8 

• 

ABSOLUTE  MINIMUM  TBMPBRATURE 

. 

1868.. 

69.4 

60.4 

68.4 

68.8 

66.6 

09.1 

73.8 

78.0 

78.7 

60.1 

66.6 

66.4 

S6.4 

1889.. 

67.8 

60.4 

60.4 

68.0 

64.4 

71.4 

78.0 

78.6 

74.1 

66.1 

61.0 

60.6 

67.8 

1800.. 

68.7 

61.9 

66.0 

66.5 

69.8 

78.0 

78.0 

71.8 

70.9 

61.9 

64.8 

66.7 

65.0 

1891.. 

68.8 

66.8 

60.8 

68.9 

64.9 

78.1 

78.8 

78.7 

71.6 

68.8 

61.8 

68.8 

68.3 

1888.. 

64.0 

69.0 

66.0 

64.8 

68.8 

78.1 

71.8 

78.1 

78.6 

61.7 

61.8 

67.7 

54.0 

1898.. 

58.8 

67.9 

60.6 

60.4 

66.7 

707 

78.9 

78.4 

78.6 

71.6 

68.1 

60.8 

5.3.8 

1894.. 

60.0 

60.1 

60.8 

61.6 

64.8 

70.7 

78.1 

71.6 

78.1 

64.8 

64.8 

61.8 

61.8 

1896.. 

66.6 

61.4 

66.8 

61.8 

70.9 

78.7 

78.4 

78.7 

78.7 

66.9 

68.  H 

64.9 

51.4 

1896.. 

64.5 

40.6 

68.8 

64.4 

66.8 

78.0 

78.4 

78.7 

78.6 

69.8 

67.1 

59.0 

40.6 

1897.. 

67.8 

67.8 

69.0 

66.6 

65.8 

71.6 

71.6 

69.8 

78.0 

68.7 

66.1 

60,4 

68.8 

PRECIPITATION  (in  Inohes), 


1850.. 

6.61 

0.19 

0.78 

0.40 

8.00 

8.95 

I860.. 

8.08 

8.48 

0.66 

6.08 

1.07 

7.88 

1861.. 

061 

0.69 

8.89 

8.06 

4.48 

8.19 

1868 . . 

800 

1.00 

8.88 

1.17 

8.86 

9.80 

1868 .. 

1.48 

0.88 

8.70 

0.88 

10.88 

8.90 

1864.. 

4.60 

1.48 

8.78 

8.05 

8.60 

7.88 

1866 .. 

4.88 

IS 

8.70 

0.07 

4.98 

1.17 

1866 .. 

8.01 

0.57 

1.98 

1.76 

8.78 

1867.. 

8.89 

1.16 

0.S9 

1.80 

18.95 

14.44 

1868.. 

8.88 

8.86 

1.81 

6.60 

8.86 

8.99 

1869.. 

8.08 

8.08 

8.10 

88.  M' 

8.48 

4.88 

1870.. 

1.60 

1.68 

1.04 

8.44 

4.70 

8.65 

1871.. 

8.00 

0.00 

0.85 

0.06 

6.67 

8.98 

1873.. 

6.89 

1.86 

1.06 

0.19 

8.94 

1.48 

1873.. 

5.88 

9.41 

1.08 

4.98 

8.88 

4.76 

1874.. 

1.64 

1.80 

0.11 

1.78 

8.81 

15. » 

1876.. 

1.78 

4.00 

1.07 

4.18 

8.89 

1.84 

1885.. 

8.16 

6.64 

1.48 

1.55 

6.86 

8.08 

1886 . . 

8.69 

1.00 

0.78 

8.07 

8.06 

18.68 

1887.. 

8.88 

0.01 

8.68 

8.68 

0.68 

16.19 

IKxi . . 

0.08 

8.07 

1.66 

0.88 

18.68 

7.98 

1889.. 

5.77 

4.87 

6.05 

8.88 

1.16 

9.80 

1890.. 

0.58 

0.66 

0.64 

0.06 

17.61 

1.60 

1891.. 

8.46 

1.80 

6.05 

1.96 

1.68 

8.14 

1888.. 

0.90 

1.94 

1.70 

0.08 

1.87 

17.56 

1886.. 

4.81 

0.96 

0.66 

1.18 

5.79 

10.67 

1894.. 

0.46 

1.86 

8.48 

0.78 

8.60 

6.78 

1896.. 

0.46 

6.06 

1.81 

1.85 

4.98 

8.76 

1896.. 

1.11 

6.88 

8.69 

0.00 

8.70 

16.91 

1867.. 

6.81 

1.88 

8.88 

6.67 

0.88 

6.96 

Mean. 

8.71 

8.87 

1.88 

8.88 

4.47 

7.16 

8.70 
8.78 
4.88 
8.48 
8.14 
5.18 
8.66 
18.88 
6.71 
1.95 
4.18 
8.80 
6.65 
4.08 
1.16 
4.96 
8.86 
0.64 
16.06 
8.81 
4.17 
5.84 
7.18 
6.16 
6.08 
4.64 
6.11 
4.88 
8.10 
6.98 

5.00 


7.98 
6.08 
8.89 
6.70 
7.89 
7.09 
6.41 
4.48 
7.19 
8.96 
4.06 
8.16 
8.88 
6.88 
4.68 
6.64 
10.60 
4.68 
10.08 
6.18 
1.46 
9.86 
6.85 
8.78 
6.75 
7.18 
8.40 
4.66 
8.88 
6.78 

6.08 


8.94 
6.47 
5.01 
4.90 
4.61 
8.68 
7.86 
6.81 
6.48 
6.89 
7.04 
8.48 

15.96 
8.60 
6.88 
6.98 

10.08 
6.00 
4.68 
8.44 
6.47 
8.81 

18.87 
6.60 
9.84 
8.16 

10.86 

18.67 
6.78 
7.61 

6.71 


9.98 
4.69 
7.89 
7.87 
6.88 
6.86 
8.80 
6.11 
10.89 
8.71 
8.66 
9.96 
4.66 
7.14 
6.81 
9.34 
8.41 
7.60 
6.86 
6.48 
3.96 
6.60 
8.00 
14.60 
11.91 
13.81 
18.68 
18.47 
1.47 
8.18 

7.48 


5.98 
0.60 
0.68 
8.98 
8.49 
8.88 
6.86 
8.68 
1.47 
8.66 
0.87 
1.88 
0.90 
4.01 
1.68 
1.84 
0.47 
1.98 
0.78 
8.60 
7.47 
8.91 
7.94 
6.19 
8.86 
4.14 
4.17 
8.16 
3.58 
1.46 

3.08 


1.89 

44.84 

8.96 

44.45 

1.18 

40.50 

8.18 

51.89 

4.48 

45.10 

8.78 

47.88 

0.17 

46.86 

1.06 

45.96 

4.66 

71.40 

1.81 

49.80 

1.09 

65.79 

0.71 

46.87 

4.86 

68.84 

8.97 

47.88 

8.68 

61.47 

8.66 

68.18 

0.86 

48.81 

8.44 

48.17 

0.67 

64.68 

8.88 

49.88 

8.08 

68.61 

1.48 

69.78 

1.18 

66.66 

1.46 

68.58 

1.88 

68.80 

5.66 

60.68 

0.94 

60.71 

1.88 

56.86 

8.78 

61.06 

0.80 

46.81 

8.16 


61.78 
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Tabl£  IV. — Temperature  and  rainfaU  at  Habana,  Cuba — Continued. 

m 

NUMBER  OF  DAYS  ON  WHICH  RAIN  FBLL. 


i 

>* 

January. 

• 

1 

• 

.a 
8 

m 

1 

2 

• 

• 

1 

• 

5 

1 

s 

• 

1 

15 

• 

i 

1 

• 

1 

1868.. 

11 

7 

16 

5 

10 

10 

17 

18 

0 

128 

1864.. 

12 

6 

7 

4 

6 

11 

14 

12 

7 

10 

8 

7 

104 

1865 .. 

7 

6 

6 

2 

11 

7 

0 

10 

20 

17 

11 

8 

100 

1866 . . 

8 

6 

5 

8 

4 

15 

20 

11 

16 

0 

4 

106 

1807.. 

6 

8 

5 

5 

10 

20 

16 

10 

16 

17 

4 

124 

1868.. 

5 

5 

4 

7 

6 

18 

0 

9 

10 

10 

18 

14 

114 

I860.. 

6 

5 

4 

6 

6 

9 

16 

14 

14 

7 

11 

104 

1870.. 

4 

8 

8 

6 

7 

11 

9 

9 

11 

20 

0 

102 

1871.. 

4 

0 

1 

2 

12 

9 

9 

15 

17 

16 

8 

99 

1873.. 

9 

7 

6 

8 

6 

4 

7 

12 

14 

12 

16 

10 

106 

1878.. 

12 

2 

7 

4 

8 

11 

11 

11 

12 

14 

8 

0 

100 

1874.. 

6 

5 

2 

7 

8 

18 

15 

12 

15 

15 

12 

7 

108 

1875.. 

4 

5 

2 

9 

12 

9 

18 

12 

16 

12 

5 

2 

101 

1885.. 

10 

18 

8 

6 

10 

14 

10 

11 

18 

19 

8 

12 

148 

1886 .. 

11 

8 

7 

9 

4 

18 

19 

18 

12 

18 

0 

8 

181 

1887.. 

6 

1 

9 

6 

7 

21 

18 

15 

18 

16 

10 

18 

185 

INX}  . . 

1 

9 

6 

4 

14 

18 

12 

18 

17 

11 

14 

7 

126 

ICxAf  . . 

12 

9 

10 

4 

8 

18 

14 

21 

11 

12 

0 

11 

120 

1800.. 

0 

8 

8 

8 

16 

7 

14 

16 

18 

18 

18 

6 

126 

1891.. 

7 

2 

6 

5 

8 

11 

18 

18 

10 

21 

18 

0 

127 

1892.. 

9 

6 

7 

1 

6 

20 

12 

18 

16 

21 

0 

4 

124 

1888.. 

14 

5 

8 

5 

11 

19 

12 

16 

18 

22 

8 

16 

140 

1894.. 

6 

5 

9 

1 

10 

16 

14 

9 

15 

19 

14 

11 

120 

1895.. 

4 

9 

8 

6 

14 

12 

11 

11 

18 

14 

15 

8 

120 

1896.. 

7 

11 

8 

0 

8 

16 

12 

11 

15 

18 

11 

12 

124 

1887.. 

6 

8 

4 

0 

9 

11 

16 

10 

25 

10 

12 

6 

121 

Mean 

7.5 

5.7 

5.5 

4.6 

9.8 

12.8 

12.7 

12.6 

15.4 

15.1 

10.2 

8.5 

110.0 

Table  Y. — Temperaifure  and  rainfaU  at  Ban  Juan,  Puerto  Bieo, 

MEAN  MONTHLY  TEMPERATURE. 


IflTB .. 

88.8 
85.5 
85.6 
88.8 
82.4 
88.0 

88.1 
84.7 
84.6 
81.0 
82.0 
88.2 

82.9 
84.7 
84.0 
70.8 
81.8 

81.1 
88.2 
81.8 
77.4 
80.2 

80.4 
80.2 
70.0 
78.8 
77.7 

1877.. 
1878.. 
1879.. 
1880.. 
1881 .. 

79.0 
70.8 
78.6 
78.4 

77.4 

78.1 
81.0 
78.2 
72.8 
76.0 

70.5 
81.0 
78. 8 
74.8 
T7.7 

81.7 
88.0 
80.8 
78.4 
79.5 

84.6 
84.6 
81.7 
70.2 
80.6 

84.0 
86.0 
88.7 
81.1 
81.7 
82.4 
79.2 

84.4 
85.6 
84.9 
81.7 
81.8 
81.7 
80.8 

88.4 
82.8 
80.2 
78.2 

1884.. 

77.4 

80.6 
80.6 

80.6 
79.7 

80.8 
80.6 

79.9 

78.8 
75.6 

78  1 

1880.. 

78.8 
74.5 
83.4 
78.8 

77.2 

"to!  7* 

77.7 
74.5 
74.7 
74.8 

70  2 

1890.. 

"74.*  i* 

77.0 
77.4 
76.1 

76.8 

1801.. 
1882.. 
1898.. 

78.8 
77.2 

70.5 
78.4 
79.0 

79.2 
7B.4 

80.1 

80.1 
76.8 

77.9 
72.7 

74.8 
TO.  8 

78.4 

•  •  •  •  •  • 

1894  .• 

76.8 
76.8 

81.8 

76.6 
76.8 

81.0 

76.6 

71.6 

78  6 

1895.. 

70.0 
76.6 

71.0 
76.7 

72.8 
76.6 

74.1 
77.8 

74.5 
70.8 

81.5 

76.1 
81.1 

Mean 

80.6 

79.2 

76.5 

78.0 

ABSOLUTE  MAXIMUM  TEMPERATURE. 


IflTB .. 

96.6 
95.4 
90.0 
97.2 
92.1 
94.8 

92.5 
94.8 
96.8 
92.1 
91.4 
95.4 

92.5 
97.9 
96.1 
90.0 
96.2 

92.5 
90.1 
98.9 
87.1 
92.8 

01.4 
92.5 
89.6 
88.8 
04.6 

1877.. 
1878.. 
1879.. 
1880.. 
1881 .. 
1884 .. 

89.0 
90.8 
87.1 
83.4 
90.0 

88.5 
92.5 
90.8 
81.0 
88.2 

OB.  2 
96.4 
90.0 
89.6 
91.0 

05.0 
05.0 
96.2 
90.8 
98.2 

96.1 
100.8 
96.9 
98.2 
96.1 

95.4 
99.8 
07.2 
90.0 
92.5 
97.2 
88.2 
92.1 
80.6 
01.0 
86.0 

05.0 
96.4 
96.8 
92.1 
96.9 
94.8 
88.5 

•  •  •  •  •   • 

87.1 

80.2 
89.6 

89.6 
90.8 

89.6 
90.8 

90.8 

90.8 
84.2 

90.8 

1888.. 

88.5 

87.8 

90.0 

02.1 

1890.. 

80.6 

1801.. 
1802.. 
1888.. 

90.7 
96.2 

"ii'.4 

88.0 
87.1 

"88.1' 

89.6 
86.0 

87.4 
87.1 
87.1 

88.2 
90.0 

89.2 

90.8 
00.0 

00.8 
87.4 

80.6 
86.0 

01.0 

1804.. 

87.8 
86.4 

88.2 

88.7 

01.8 

•  •  •  •  •   • 

87.1 

01.8 

1890.. 

**88.*6* 

'84.7 

90.7 

1 

«3.1 

86.0 
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Tabl£  V. — Temperature  and  rainfaU  at  San  Juan;  Puerto  Rico — Continued. 

ABSOLUTE  MINIMUM  TBMP£RATUB£. 


PRECIPITATION  (in  Inches). 


Table  Yl.^CfUmaiologicdl  data  for  eeeertU  itationi, 
WASHINGTON,  D.  C.  (26  yean). 


• 

• 

S 

• 

• 

• 

1 

• 

1 

>-9 

•3 

• 

•3 

1 

• 

1 

i 

1 

• 

1 
i 

1 

lATB  .. 

74.6 
76.8 
74.6 
72.8 
71.6 
67.8 

78.4 
74.8 
76.2 
60.1 
70.5 
07.8 

78.0 
76.2 
72.8 
60.8 
TO.O 

72.8 
71.2 
72.7 
68.0 
TO.  2 

TO.  6 
66.8 
60.1 
64.8 
66.6 

1877.. 
1878.. 
1870.. 
1880.. 
1881  .. 

00.1 
00.4 
66.6 
64.8 
66.1 

68.7 
70.2 
64.8 
68.0 
64.4 

68.0 
TO.O 
60.1 
66.2 
64.8 

72.0 
71.6 
70.0 
67.8 
66.2 

72.7 
78.8 
70.0 
60.4 
60.1 

72.7 
76.2 
72.7 
66.2 
72.0 
TO.O 
71.2 

74.1 
71.6 
72.8 
60.1 
66.0 
70.6 
78.0 

•     ..... 

1884.. 

1880.. 

66.6 
66.5 
66.1 
68.8 

"wis' 
"ii',2 

62.6 
66.8 
68.8 
68.7 
64.4 

66.6 

60.8 
71.6 

72.8 
70.6 

71.6 

n.6 

60.8 
• .  •  • .  • 

68.7 
66.6 

6S.6 
66.8 

1800  .. 

"iiis* 

00.1 
67.6 
64.4 

68.8 

1801.. 
1808.. 
1808.. 

64.8 
65.1 

70.0 
68.0 
64.0 

70.8 
64.8 

60.8 

60.8 
61.2 

07.8 
68.4 

68.2 
66.1 

68.7 

1804 .. 

67.2 
57.6 

"64.6* 
66.5 

64.0 
66.1 

62.2 

07.0 

67.2 

1805.. 

68.8 

60.1 

'io.'s* 

02.6 

66.8 

1878 .. 

4.20 
8.26 
5.68 
8.80 
6.60 
6.88 

10.00 
4.68 
6.80 
8.77 
8.62 
0.54 

8.11 
8.68 
11.06 
4.46 
1.87 

7.60 
6.68 
6.84 
11.78 
6.84 

8.20 
6.84 
2.02 
8.61 
2.26 

1877.. 
1878.. 
1870.. 
1880.. 
1881.. 
1884.. 

8.21 

2.78 
8.60 
2.60 
1.07 

6.26 
1.60 
1.46 
1.06 
2.16 

2.60 
12.40 
4.81 
0.51 
0.41 

7.60 
4.10 
11.78 
1.61 
8.72 

1.06 

10.26 

12.26 

8.28 

5.74 

7.88 
8.17 
8.01 
5.46 
7.00 
4.48 
6.82 

8.88 
11.66 
5.76 
6.26 
6.20 
4.86 
2.48 

66.85 
W.64 
70.82 
46.70 

8.88 

6.68 
6.22 

7.78 
7.41 

4.64 
4.68 

8.40 

5.61 
4.60 

48.61 

1888.. 

2.86 
8.60 
1.88 
1.88 

1.80 
"O.M* 

1.10 
2.68 
0.20 
1.00 

68.18 

1800.. 
1801.. 
1808.. 
1804.. 

"iiio" 

1.00 
4.01 
0.10 

60.00 

4.62 
2.84 

4.81 
6.66 

17.07 
4.28 
4.60 
8.04 

6.21 

4.00 

5.20 
2.01 

6.88 

8.81 
2.06 
8.20 

10.00 
7.24 

4.26 
1.00 
5.28 

64.68 
'  '48.81 

1886.. 
Mean 

2.02 
2.28 

O.TO 
1.80 

1.80 
2.07 

7.87 
6.86 

6.48 
6.88 

6.06 

8.80 
6.82 

5.68 

7.62 

8.88 

60.45 

« 


9 

e 


t 


>* 

J 


s 


t 

►» 


5 


s 

Pi 


I 
i 


<8 

d 


Temperature: 

j^ean ..............  ....•• .... 

Higheet 

Loweet 

Bainfall: 

jLOftIi  •••••••••••■•■«••    •••*•• 

vlFOA v68v  •••••    ••«•••••■•   ••• 

^jQWlMv •••••■••**  #•••■•••  •■•••• 

No.  days  on  which  rain  fell: 

ATerage 

Greatest 

TstMt 

Humidity: 

Mean  relatiye,  per  cent 

Mean  abeolute^grs.iMr  cu.ft. 


88.2 

86.8 

41.8 

68.0 

68.0 

78.8 

76.8 

74.6 

07.8 

56.2 

44.6 

76 

78 

88 

06 

06 

108 

106 

101 

104 

82 

80 

-14 

—  2 

4 

22 

84 

46 

58 

40 

88 

26 

12 

8.60 

8.81 

4.08 

8.16 

8.80 

4.20 

4.84 

4.44 

8.62 

8.27 

2.88 

7.00 

6.84 

8.84 

0.18 

10.60 

8.6B 

10.68 

12.08 

10.81 

8.60 

7.18 

0.28 

0.88 

0.06 

1.07 

1.01 

1.68 

0.82 

0.86 

0.14 

0.20 

0.79 

12 

11 

12 

11 

12 

11 

11 

12 

0 

9 

10 

20 

17 

18 

17 

18 

16 

17 

"    18 

16 

16 

17 

4 

4 

5 

7 

6 

6 

8 

5 

2 

8 

5 

68 

71 

60 

68 

66 

71 

67 

78 

71 

61 

67 

1.6 

1.7 

1.8 

2.0 

4.4 

6.2 

6.6 

6.6 

6.4 

8.8 

2.8 

86.2 

78 

—18 


54.7 

104 

—14 


8.01 

4.94161.88 

0. 


10180 

11 

161 


^.61 
.88 
.86 


78 
1.8 


128 
168 
118 

72 


NEW  ORLEANS,  LA.  (26  years). 


Temperature: 

jftean ..............  ......... 

Highest 

Loweet 

RalnfaU: 

Greatest 

l«M8t--M »» .f  ...» 


58.8 
82 
16 

5.17 

11.16 

0.66 


66.1 
88 
26 

4.66 

18.85 
0,04 


62.0 
84 
80 

5.85 

11.82 

0.9^ 


}.0 
88 


5.28 

14.20 

0,?6 


74.6 
02 
58 

4.76 
18.68 


80.8 
97 
66 

6.49 

12.06 

2.71 


82.2 
99 
67 

6.50 
12.98 

J*.08i 


81.5 
96 
63 

6.02 

29.74 

0.87 


78.8 
05 
66 

4.70 

18.66 

0,26 


09.8 
00 
40 

8.26 
0.15 


60.7 
86 
80 

4.80 
7.78 


65.5 
81 

201 


4.8600.68 

0.06i86.78 

T,  I  0,421  0,67188,6? 


68.8 
99 
15 
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Table  Yl.—CUmaUfhffieal  data  for  aevercU  itattans-^Coutinued. 
NEW  ORLEANS,  LA.  (96  years) -ConantMd. 


i 


I 


I 


No.  days  on  which  rain  fell: 

Average 

GreatMt 

Least 

Humidity: 

Mean  relative,  per  cent 

Mean  ab80late,gr8.per  ca.ft. 


11 

10 

22 

18 

5 

2 

79 

81 

8.4 

4.5 

9 

16 

6 

76 
4.1 


§ 


8 

9 

18 

16 

8 

8 

76 

74 

6.6 

6.6 

14 

22 

6 

78 
8.8 


0 


^ 


2 


& 


16 
81 
10 

78 
8.8 


14 

25 

7 

79 
8.5 


11 

19 

8 

77 
7.6 


7 
14 

0 

74 
5.6 


I 

i 


I 
i 


88 

4 

70 
4.4 


11 

18 

8 

80 
8.8 


-a 

0 
0 

d 
< 


188 
186 
100 

78 

•  •  •  •  • 


HABANA,  CUBA  (10  years). 


Temperature: 

Mean 

Highest 

Lowest 

Rainfall: 

Greatest 

No.  days  on  which  rain  fell: 

Greatest 

Least 

Humidity: 

Mean  relative  per  cent 

Mean  absolute  grs.percu.ft. 
Wind: 

Average  velocity,  miles  per 
hour. 
Prevailing  direction 


70.8 
84.4 
68.8 

78.0 
87.6 
49.6 

78.8 
91.4 
55.0 

76.1 
06.6 
68.0 

78.8 
99.0 
64.4 

81.5 
97.7 
69.1 

88.4 

100.6 

71.8 

88.8 
06.6 
00.8 

80.7 
06.6 
70.0 

78.1 
91.9 
61.7 

75.8 
88.7 
66.5 

71.4 
86.0 
61.8 

8.88 
6.81 
0.02 

8.88 

6.18 

8.60 
5.05 
0.66 

1.46 
6.07 
0.00 

5.15 

17.51 

0.88 

8.89 

17.66 

1.60 

5.09 
7.18 
8.10 

6.48 
0.86 
1.46 

7.08 

18.67 

8.16 

8.49 

18.68 

1.47 

4.84 

7.94 
1.46 

1.98 
6.66 
0.80 

7.6 
14 

1 

6.8 

11 

8 

6.9 

10 

8 

8.8 
0 
0 

9.9 

16 

8 

14.8 
20 

7 

18.0 
16 
11 

18.8 

81 

0 

16.7 
86 
11 

16.6 
88 
10 

18.8 

18 

8 

9.0 

16 

4 

75 
6.8 

78 
6.4 

70 
6.8 

09 
6.8 

71 
7.6 

76 

8.7 

74 
8.8 

75 
8.8 

79 
8.9 

78 
8.1 

77 
7.4 

74 
6.8 

7.8 

8.8 

8.7 

9.8 

7.8 

6.7 

6.6 

6.8 

6.6 

7.8 

8.7 

8.8 

e. 

e. 

e. 

e. 

e. 

e. 

e. 

e. 

e. 

n.,e. 

e. 

e. 

76.8 

100.6 

49.6 

66.14 
60.00 
B.08 

17.5 
149 
180 

74 
7.5 

7.8 

e. 


MINES  OF  SAN  FEBNANDO,  CUBA  (1  year). 


Temx>erature: 

Mean 

Hiffhest 

09.9 
79 

57 

71.4 
78 

K7 

78.8 

8.49 

1.18 

7 

74.6 
88 
64 

8.09 

77.9 
85 
71 

80.28 

78.9 
85 
78 

80.6 
86 
71 

•  •  •      ■ 

79.6 
87 
71 

... 

78.6 
86 
68 

76.9 
81 
70 

72.7 
80 
66 

07.9 
77 
61 

76.0 
87 

LowestTTt. 

51 

Rainfall: 
Total 

8.74  0.50 
1  20'  <^  Oft 

Maximum  in  any  shower. . . . 
No.  days  on  which  rain  fell.. 

1  85 

7.80  3  M 

4 

8 

7 

81 

17 

82 

80 

16 

88 

8 

6 

KINGSTON,  JAMAICA  (10  years). 


Temperature: 

Mean 

Highest* 

Humidity: 

Mean  relative,  per  cent 

Meanabsolute,grs.peron.ft. 
Rainfall: 


74.6 
86.4 
66.8 

78 
7.8 

0.96 


74.7 
85.8 
66.8 

78 
7.2 

0.82 


76.8 
85.7 
67.8 

77 
7.4 

1.50 


77.9  79.4 
86.5  87.2 
09.8  78.4 


75 
7.7 


78 
8.4 


1.02  6.00 


80.8 
88.6 
78.8 

78 

8.7 


81.1 
89.7 
78.5 

76 
8.6 


5.51.  8.16 


80.4 
89.4 
78.8 

70 
8.8 

4.09 


80.1 
89.7 
78.8 

80 

8.8 

8.60 


78.9 
86.9 
78.1 

81 
8.61 


77.8 
88.9 
70.7 

78 
8.0 


4.69  1.88 


75.7 
87.0 
68.4 

78 
7.5 


78.1 
80.7 
66.8 

78 
8.0 


1.6088.64 


SAN  JUAN,  PUERTO  RICO  (18  years). 


Temperature: 
Mean .•• 

76.6 

75  7 

78.6  77.9 

70.8 

81.5 
99.8 
64.8 

5.96 
8.91 
2.84 

81.1 
96.8 
64.0 

5.82 

11.68 

2.48 

81.8 
99.0 
64.0 

6.81 

17.07 

8.04 

81.0 
06.8 
64.0 

5.88 

10.00 

8.01 

80.6 
97.0 
61.8 

5.68 

11.06 

1.97 

79.8 
99.1 
60.4 

7.68 

11.78 

8.40 

76.5 
08.5 
56.1 

78.9 

100.8 

56,1 

Highest 

TjOWAllt. 

08.2  92.5!  96.4*  96.0 
57.8  MS  fl0.1<  60. 8 

100.8 
62.6 

Rainfall: 

Mean 

Greatest 

Least 

8.88 
8.60 
1.07 

1.80 
5.96 
0.85 

9.67  5.85 

18.4011.78 

0.29  1.61 

6.88 

12.25 

1.90 

8.88 
6.84 
1.90 

60.45 
88.64 
46.79 

*  Probably  the  averages  of  the  extremes. 
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Table  VII. — Awrage  number  of  rainy  days  at  mwrdlplac6$  in  the  United  States. 


Stations. 


Key  West* 

JaoksonylUet.... 
New  Orleans $.... 

Charleston* 

Washington*  .... 

New  York  t 

Boston  * 

Chicago*... 

St.  Lonls* 

San  Francisco  *  . . 


• 

1 

• 

1 

• 

J3 

• 

• 

• 

§ 

• 

1 

1 

§ 

• 

1 

1 

• 

1 

i 

^ 

1 

^ 

h 

•^ 

< 

^ 

•? 

•? 

< 

tt 

O 

% 

^ 

8.1 

6.8 

4.0 

4.6 

8.6 

11.8 

12.6 

14.6 

16.4 

12.4 

8.0 

7.2 

0.5 

0.1 

8.2 

6.7 

0.8 

18.6 

15.0 

15.0 

14.1 

0.0 

8.0 

7.2 

11.2 

9.4 

0.8 

7.0 

00 

18.6 

16.8 

14.4 

10.8 

7.4 

0.4 

11.0 

10.6 

10.1 

10.0 

7.7 

0.1 

10.0 

12.1 

18.8 

10.6 

7.4 

7.7 

8.0 

12.1 

10.0 

12.2 

11.2 

12.2 

10.6 

11.1 

11.8 

8.6 

8.8 

10.1 

10.4 

11.9 

10.0 

11.8 

11.1 

10.4 

10.4 

11.2 

0.8 

0.8 

0.6 

10.2 

11.0 

12.8 

11.1 

12.8 

11.4 

11.2 

10.8 

11.0 

10.4 

0.6 

10.0 

11.1 

11.7 

11.8 

10.8 

12.0 

11.4 

11.8 

11.4 

0.2 

0.0 

0.0 

10.1 

11.0 

12.1 

0.1 

0.5 

10.8 

10.8 

11.8 

11.4 

0.6 

7.6 

7.0 

7.8 

0.1 

0.0 

11.4 

10.6 

10.8 

7.4 

4.2 

2.0 

0.6 

0.8 

1.6 

8.8 

6.4 

11.2 

OS 
0 
0 

5 


117.7 
1M.0 
181.7 
118.5 
129.2 
127.8 
188.0 
181.1 
118.8 
60.4 


*  Record  for  25  years.         t  Record  for  24  years.         t  Record  for  18  years. 
Table  YIII. — Location  of  stations  from  which  meteorohgieal  data  are  quoted. 

► 

2 


Place. 


Key  West,  Fla 

Nassau, Xi» Jr .  ....... ...... 

Habana,Caba   

Matanzas.Cnba 

Mines  of  dan  Fernando . . . 
Santiago,  Cuba 


Ubaiay,  Caba 
DenSlgh,  Jamaica  . . . . 
Kingston, Jamaica  ... 
Ross  View.  Jamaica. . 
Port  an  Prince,  Haiti 


o 

► 

• 

2 

• 
• 

• 

08  ! 

•as 

•^ 

Q 

3 

o  r 

s 

n 

Ftet. 

o  t 

24  84 

8140 

46 

25  5 

77  21 

80 

28  0 

82  28 

68 

28  2 

8140 

60 

22  22 

80  0 

664 

10  55 

75  60 

• 

• 

242 

17  68 

76  48 

60 

18  8 

76  44 

061 

18  82 

72  21 

171 

Place. 


San  Juan,  Porto  Rico  .... 

St.  Thomas   

Ft.  de  France,Martlnlqne. 
St.  Pierre,  Martinique .... 
Kingstown,  St.  Vincent . . 
Bayabon,  St.  Vincent .... 

Barbados 

Royal  Botanical  Oardens, 

Trinidad 

Merlda,  Yucatan 


• 

• 

^ 

^ 

• 

•♦» 

a 

s 

2 

o      t 

O   9 

18  27 

66  80 

18  21 

64  66 

14  40 

61  2 

14  46 

61  7 

18  18 

61  18 

18  12 

61  11 

18  4 

60  87 

10  40 

6126 

20  68 

80  8 

n 


F€€t. 

18 

46 


S7 


*  About  16  miles  southwest  of  Habana. 


WEATHER  OF  MANILA. 

Manila,  the  capital  and  chief  port  of  the  Philippine  Islands,  is 
situated  in  latitude  14^  35'  north,  and  in  longitude  121^  east  of 
Greenwich. 

Meteorological  observations  have  been  made  for  many  years  at  the 
Observatorie  Meteorologico  de  Manila.  Observations  of  rainfall  for 
thirty-two  consecutive  years,  and  of  the  other  meteorological  ele- 
ments for  seventeen  consecutive  years  have  been  published  by  the 
Observatory.  The  appended  table,  compiled  by  Prof.  H.  A.  Haasen, 
of  the  Weather  Bureau,  gives  in  a  concise  form  the  more  important 
meteorological  elements  of  the  climate. 

Temperature. — The  average  temperature  of  the  year  is  80**  P.  The 
months  of  April,  May,  and  June  are  the  hottest  part  of  the  year. 
May,  with  an  average  temperature  of  84^  F.,  is  the  hottest  of  the  three. 
December  and  January  are  the  coolest  months,  each  with  an  average 
temperature  of  77^  F.  The  highest  thermometer  reading  recorded  is 
100^  F ;  this  was  observed  in  May.  The  lowest  reading  recorded  is 
74^,  and  was  observed  in  January. 
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Humidity. — ^The  average  relative  humidity  is  78  per  cent.  That  of 
the  most  humid  month,  which  is  September,  is  85  per  cent,  and  that 
of  the  least  humid  month,  which  is  April,  is  70  per  cent.  The  aver- 
age absolute  humidity  is  8.75  grains  in  a  cubic  foot.  It  is  greatest  in 
August  and  least  in  February. 

Rainfall, — ^The  average  annual  rainfall  is  75.43  inches,  of  which 
43.69  inches,  more  than  57  per  cent,  fall  during  the  months  of  July, 
August,  and  September,  and  60.74  inches,  more  than  80  per  cent,  fall 
from  June  to  October,  inclusive.  September  has  the  largest  average 
fall,  15.01  inches,  and  February  the  smallest  average  fall,  0.47  inches. 
The  heaviest  rainfall  in  any  one  month  was  61.43  inches,  in  Septem- 
ber, and  sometimes  no  rain  at  all  has  fallen  in  February,  March, 
April,  and  May. 

Departures  from  the  average  rainfall  are  in  some  instances  re- 
markable. For  example,  as  much  as  120.98  inches  have  fallen  in  one 
year,  and  as  little  as  35.65  inches  in  another.  Still  more  remarkable 
was  the  fall  of  61.43  inches  in  one  September,  and  that  of  only  2.00 
inches  in  another  September. 


Table  IX. — Tmnperaiuref  rainfcttt,  etc,,  at  Manila, 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  op  Agricxjltxjrb, 

Weather  Bureau, 
WashiiigtoUj  D.  C,  November  10,  1898. 
Hon.  James  Wilson, 

Secretary  of  Agriculture,  Washivgton^  D,  C: 

Dear  Sir  :  I  have  the  honor  to  transmit  herewith  a  paper  on  the 
subject  of  frost,  prepared  by  Mr.  W.  H.  Hammon,  forecast  of&cial,  San 
Francisco,  Cal.,  with  request  that  it  be  printed  as  a  bulletin  of  the 
Weather  Bureau. 

Mr.  Hammon  has  devoted  much  thought  to  and  made  careful  study 

and  investigation  of  this  subject.     The  paper  is  a  revision  of  one 

formerly  prepared  by  him  and  issued  as  a  bulletin  of  the  Weather 

Bureau.     It  was  received  with  much  favor,  having  been  published  by 

the  California  State  Board  of  Horticulture.    The  urgent  demands 

for  a  reprint  that  have  been  received  have  prompted  a  revision  of 

the   pamphlet,  with   a  view  to   republication.     An  edition  of  five 

thousand  is  recommended. 

I  am,  very  respectfully, 

Willis  L.  Moore, 

Chief  of  Weather  Bureau, 
Approved. 

James  Wilson, 

Secretary. 
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PREFACE. 

In  December,  1895,  a  freeze  occurred  in  the  citrus  region  of  southern 
California  which  very  appreciably  reduced  the  orange  output  for  that 
season.  The  temperatures,  even  in  the  coldest  localities,  were  so  little 
below  the  point  of  safety  thftt  it  seemed  as  if  the  loss  might  have  been 
avoided  had  the  orchardists  been  familiar  with  the  principles  of  frost 
protection.  With  the  purpose  of  furnishing  this  information  the 
writer  prepared,  in  January,  1896,  a  short  article  on  frost  protection, 
which  was  published  by  the  Department  of  Agriculture  in  Weather 
Bureau  Bulletin  No.  86. 

Since  the  publication  of  this  bulletin  the  subject  of  frost  protection 
has  received  much  attention,  especially  in  California.  Many  orchard- 
ists made  experiments  along  the  line  suggested  in  this  bulletin.  The 
agricultui:al  and  even  the  daily  press  gave  liberal  space  to  the  dis- 
cussion of  these  subjects.  Many  devices  and  methods  were  proposed 
and  some  were  tested.  So  much  was  accomplished  in  the  spring  of 
1896  that  the  California  State  Board  of  Horticulture  deemed  it 
advisable  to  publish  a  more  extensive  bulletin  than  Weather  Bureau 
Bulletin  No.  86,  embodying  these  experiments  and  suggestions.  This 
was  accomplished  in  Bulletin  No.  70  of  that  society,  published  in  the 
autumn  of  1896,  probably  the  most  complete  bulletin  written  on  this 
subject  that  had  then  been  published  in  this  country. 

However,  experiments,  made  since  the  publication  of  this  pamphlet, 
render  a  modification  of  many  of  its  statements  necessary.  Too  great 
prominence  was  given  to  certain  methods  and  too  little  to  others. 
Important  exceptions  have  been  found  to  some  general  rules.  Con- 
sequently it  has  been  deemed  advisable  to  publish  a  revised  edition 
of  this  bulletin,  incorporating  in  it  the  lessons  gained  from  more 
recent  experiments. 

While  the  methods  advocated  are  mainly  the  result  of  experiments 
conducted  in  California  orchards,  still  the  principles  are  capable  of 
much  broader  application,  and  the  rules  laid  down  for  protecting 
these  orchards  will  prove  generally  useful  with  such  modifications  as 
local  topography  and  atmospheric  conditions  may  render  advisable. 
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FORMATION  OF  FROST 

Before  proceeding  to  a  consideration  of  methods  of  preventing 
injury  by  frost,  it  is  essential  that  the  conditions  under  which  it 
forms  be  quite  thoroughly  understood. 

The  two  principal  methods  by  which  plants  lose  their  heat  are 
convection  and  radiation. 

The  movement  of  the  air  is  continuously  bringing  new  particles  of 
it  in  contact  with  the  plants,  and  if  the  air  be  cooler  than  the  plants 
it  will  take  from  the  plants  a  portion  of  their  heat,  until  both  air  and 
plants  are  at  the  same  temperature.  This  is  known  as  convection,  and 
is  very  effective  on  windy  nights  when  a  cold  wave  is  approaching, 
and  the  breeze  is  continually  bringing  new  portions  of  the  atmos- 
phere about  the  plants.  We  can  hardly  attribute  to  this  process  the 
great  loss  of  heat  on  the  quiet,  clear  nights  when  frosts  mostly  occur ; 
for  on  such  nights  the  plants  are  usually  colder  than  the  surrounding 
air,  and  any  mixing  of  the  air  tends  to  raise  their  temperature. 

The  chief  method  by  which  plants  lose  their  heat  on  calm,  frosty 
nights  is  by  radiation.  By  this  term  is  meant  that  peculiar  process 
by  which  heat  escapes  from  an  object  and  passes  through  the  sur- 
rounding space  in  direct  lines  in  the  same  way  that  rays  are  emitted 
from  a  source  of  light.  Heat,  lost  by  radiation,  does  not  appreciably 
warm  the  air  through  which  the  ray  passes,  but  its  effects  are  mani- 
fest at  any  surface  which  obstructs  the  passage  of  the  ray. 

I'he  surface  of  the  earth  is  continually  losing  heat  by  radiation  into 
space,  but  during  the  day  it  usually  receives  heat  from  the  sun  more 
rapidly  than  it  loses  it  by  radiation,  and  consequently  it  grows  warmer. 
At  night,  however,  heat  from  this  source  is  cut  off  and  the  continued 
radiation  causes  the  temperature  to  fall. 

Under  favorable  conditions  this  fall  continues  until  condensation 
of  vapor  begins.  Aqueous  vapor,  although  invisible,  is  always  present 
in  greater  or  less  quantities  in  our  atmosphere,  and  can  always  be 
condensed  into  water  if  the  temperature  be  sufficiently  lowered.  If 
the  condensation  takes  place  at  temperatures  below  the  freezing  point 
of  water,  the  moisture  is  deposited  in  the  form  of  frost. 

The  heat  given  off  by  the  condensation  of  vapor  is  enormous.  The 
condensation  of  enough  vapor  to  make  a  pint  of  water  will  evolve 
enough  heat  to  raise  more  than  five  pints  of  water  from  the  freezing 
to  the  boiling  point.  All  this  heat  must  be  lost  by  radiation  in  order 
that  the  formation  of  dew  may  proceed  or  the  temperature  fall.  It 
is,  therefore,  evident  that  when  condensation  begins,  the  heat  evolved 
by  this  means  practically  prevents  further  cooling. 
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/  The  temperature  at  which  condensation  begins  is  called  the  "dew- 
/  point,"  and  varies  with  the  amount  of  moisture  in  the  air,  being  higher 
'^  the  greater  the  amount  of  moisture  present.  It  is  always  constant  for 
the  same  amount  of  vapor. 

Radiation  takes  place  most  rapidly  when  there  is  nothing  to  obscure 
the  sky.  Clouds  or  any  other  obstruction  act  as  a  screen  in  retarding 
it.  Even  water  vapor,  while  invisible,  has  a  very  appreciable  effect  in 
retarding  it.  It  takes  place  more  rapidly  from  the  surface  of  plants 
than  it  does  from  the  air  about  them,  so  that  on  still  nights  these  sur- 
faces are  frequently  cooled  several  degrees  below  the  temperature  of 
the  surrounding  air. 

One  more  principle  should  be  considered  in  the  study  of  the  condi- 
tions undet  which  frost  forms,  and  that  is  the  increased  density  of 
the  air  as  its  temperature  is  lowered.  Owing  to  this  principle,  the 
air,  on  calm  nights,  arranges  itself  in  accordance  with  its  density. 
The  heavier  cold  air  rests  on  the  surface  and  surrounds  the  plants 
and  trees,  thus  increasing  their  liability  to  injury.  On  still  nights 
this  fact  is  often  very  manifest.  Frequently  a*thermometer  close  to 
the  ground  will  read  5°  or  10°  lower  than  one  8  or  10  feet  higher. 
This  principle  causes  the  air  on  slopes,  as  it  becomes  chilled  by  radia- 
tion, to  flow  down  into  the  valleys,  where  it  accumulates,  thus  fre- 
quently causing  severe  frosts  in  the  lowlands,  while  the  hillsides 
remain  uninjured.  It  is  for  this  reason  that  frost  does  not  so  readily 
occur  on  windy  nights,  since  the  wind  mixes  the  air  to  a  more  uni- 
form temperature  throughout  and  causes  that  near  the  ground  to  be 
warmer  than  it  would  be  otherwise. 

Therefore,  the  conditions  favorable  to  frost  formation  are:  (1) 
Clear  sky,  because  radiation  of  heat  is  rapid  under  these  conditions ; 
(2)  dry  air,  because  with  dry  air,  cooling  by  radiation  will  continue 
to  a  lower  temperature  before  it  is  checked  by  the  heat  given  off  by 
condensation;  (3)  still  nights,  because  under  these  circumstances 
the  air  arranges  itself  in  layers  according  to  its  density,  and  the  colder, 
denser  air  collects  near  the  surface. 


MBTHODS  OF  FROST  PBBVENTION. 

From  a  study  of  the  foregoing  principles  under  which  frost  forms, 
it  would  seem  that  there  would  be  the  greatest  probability  of  success 
in  preventing  frost  or  diminishing  its  severity  by  working  along  the 
following  lines : 

I.  Diminishing  the  radiation  of  heat. 

II.  Raising  the  dew-point  by  adding  moisture  to  the  air,  and  thus 
making  sensible  the  latent  heat  of  condensation  at  a  temperature 
above  the  danger  point. 

III.  Adding  heat  to  the  air. 
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IV.  Draining  the  cold  air  away  from  the  section  whij 
protection.  ■' 

V.  Mixing  the  air  so  as  to  prevent  the  cold  air  from  sinkiu^^  . 
surface. 

It  is  believed  that  all  efficient  methods  of  protection  which  have 
been  devised  are  embraced  under  one  or  more  of  those  classes.  The 
methods  will  be  grouped  in  accordance  with  the  above  classification 

I.  METHOD  FOB  BBTABDmO  RADIATION. 

Since  radiant  heat  is  transmitted  in  straight  lines,  the  erection  of 
any  screen  between  the  plants  and  the  open  sky  tends  to  intercept 
the  rays  and  either  reflect  them  back  toward  the  earth  or  absorb 
them,  thus  raising  the  temperature  of  the  screen  which  cheeks  the 
loss  of  heat,  for  the  screen  itself  now  becomes  a  radiating  surface  and 
returns  a  portion  of  its  heat  to  the  earth. 

Any  substance  which  tends  to  obstruct  the  passage  of  heat  rays 
forms  a  more  or  less  effective  screen  for  checking  radiation. 

Olass  screens. — In  greenhouses  and  hotbeds  advantage  is  taken  of 
the  peculiar  property  of  glass  which  allows  the  heat  rays  of  the  sun 
to  pass  through  it,  and  is  almost  impervious  to  the  dark  heat  rays 
from  the  earth  and  plants.  This  is  one  of  the  most  perfect  screens 
possible,  since  it  not  only  prevent.s  the  loss  of  heat  by  radiation,  but 
receives  and  retains  the  heat  from  the  sun.  The  expense  precludes 
its  adoption,  except  for  the  protection  of  valuable  plants  and  flowers. 

Screens  of  other  solid  materials  have  been  quite  extensively  used 
in  protecting  vineyards  and  citrus  groves  where  intense  cultivation 
is  practiced,  and  where  the  location  of  the  groves,  near  an  excellent 
market,  admits  of  profit  even  with  expensive  methods  of  cultivation. 

Cloth  screens. — ^In  Italy  and  portions  of  France  screens  made  of 
muslin  strung  on  wires  stretched  on  poles  above  the  tops  of  trees  or 
vines  have  been  used  extensively.  These  screens  are  drawn  on  nights 
when  frosts  are  probable  and  pushed  back  during  the  day.  When 
the  season  has  advanced  so  as  to  preclude  further  danger,  they  are 
taken  down  and  stored.  Of  course,  such  a  plan  could  be  operated 
only  on  a  very  limited  scale,  and  would  then  be  expensive.  This 
plan  has  been  recently  successfully  tried  in  the  orange  groves  of 
southern  California. 

Lath  screens. — ^During  the  past  few  years  screens  made  of  laths 
fastened  to  ordinary  telephone  wire  (the  spaces  between  them  being 
about  the  width  of  the  laths)  have  been  extensively  used  in  Florida. 
These  are  spread  over  a  frame  erected  above  the  trees  or  plants.  The 
screens  serve  not  only  as  a  fair  protection  from  frost,  but  also  as  a 
shade  from  hot  sun.  When  no  longer  needed  they  can  be  rolled  up 
and  stored  away  for  preservation.  At  first  thought  it  would  seem 
improbable  that  a  screen  covering  only  half  the  space  (the  spaces 
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being  as  wide  as  the  laths)  would  afford  much  protection ;  but,  when 
it  is  considered  that  laths  have  considctrable  thickness,  it  is  plain 
that,  while  only  one-half  the  vertical  rays  are  screened,  those  inclined 
between  the  vertical  and  horizontal  are  partially  intercepted  by  the 
edges  as  well  as  the  faces  of  the  laths.  As  a  matter  of  fact,  about 
three-fourths  of  the  sky  is  screened  by  this  means. 

By  placing  the  laths  in  north  and  south  directions,  the  direct  rays 
of  the  morning  sun  are  completely  cut  off  from  the  orchard,  which 
admits  of  the  temperature  rising  slowly.  This  greatly  reduces  the 
liability  of  injury  to  the  plants.  Dr.  B.  T.  Galloway,  in  the  U.  S. 
Department  of  Agriculture  Yearbook,  1895  (p.  145),  thus  explains 
why  frozen  plants  are  less  likely  to  be  injured  when  warmed  slowly : 

Under  the  influence  of  cold,  the  water  in  the  cells  escapes,  and  may  be  frozen 
either  in  the  spaces  between  the  cells  or  on  the  surface  of  the  leaf,  stem,  or 
whatever  the  part  may  be.  As  the  temperature  rises,  this  frozen  water  may 
again  be  taken  up  by  tbe  cells,  and  in  such  cases  little  or  no  injury  results.  If 
for  any  reason,  however,  the  cells  are  not  able  to  regain  the  water  withdrawn 
by  the  cold,  injury  or  even  death  may  result.  In  many  cases  the  rapidity  with 
which  the  ice  is  thawed  has  a  marked  effect  on  the  ability  of  the  cells  to  gain 
their  normal  condition.  If  the  thaw  is  gradual,  the  water  is  furnished  no  faster 
than  the  cells  can  absorb  it,  and  equilibrium  is,  therefore,  soon  restored,  the 
chemical  processes  which  were  checked  during  the  freeze  are  resumed,  and  the 
plant  soon  regains  its  normal  conditio^.  With  a  rapid  thaw,  however,  the  cells 
are  not  able  to  take  up  the  water  as  fast  as  it  is  furnished,  and  as  a  result  chemi- 
cal decomposition  sets  in,  and  death  follows.  Death  in  this  case  is  essentially 
the  same  as  that  which  results  from  drought.  The  cell  loses  water  to  such  an 
extent  that  it  is  not  again  able  to  become  turgid,  and  as  a  result  it  finally  withers 
and  dies. 

Other  methods, — ^While  the  foregoing  methods  are  quite  efficacious 
in  preventing  injury,  still  the  expense  is  entirely  too  great  to  admit 
of  their  adoption  for  general  use  in  orchards. 

Strawberries  and  other  low  plants  are  frequently  protected  by 
covering  them  with  straw  or  other  loose  substances. 

Frequently  young  potato  plants  are  saved  by  plowing  a  furrow 
alongside  and  allowing  the  dirt  to  bury  them. 

Cranberry  growers  in  the  marshes  of  Wisconsin  flood  the  marshes 
when  frost  is  expected.  In  this  case  the  protection  is  probably  due, 
for  the  most  part,  to  the  high  specific  heat  of  water,  as  only  portions 
of  this  land  are  submerged. 

Smudge  fires. — Since  radiation  is  so  reduced  as  to  prevent  the  for- 
mation of  frost  on  cloudy  nights,  many  have  thought  that  an  artificial 
obscuration  of  the  sky  by  means  of  dense  smoke  would  be  an  excel- 
lent means  of  protection.  The  efforts  of  this  character  which  have 
been  made  have  resulted  in  decidedly  varying  success.  In  the  wheat 
fields  of  the  Dakotas,  excellent  protection  was  obtained,  while  the 
experience  of  orchardists  in  Florida  and  southern  California  has  not 
shown  Buph  a  uniform  success. 
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Since  it  was  snppoaed  that  the  protection  resulted  from  the  obecu- 
ration  of  the  sky  by  moans  of  smoke,  the  best  protection  was  ex- 
pected from  the  use  of  that  fuel  which  would  produce  the  greatest 
smoke. 

In  the  Dakotas  the  best  and  most  convenient  material  at  hand  was 
the  straw  of  the  previous  year's  crop,  which  had  been  left  in  the 
fields  all  the  winter  and  through  the  rainy  spring,  until  it  was  quite 
thoroughly  soaked  with  water. 

In  southern  California  and  Florida  straw  was  scarce,  and  where  it 
could  be  obtained  it  was  much  drier  than  that  used  in  the  Dakotas, 
consequently  tar,  crude  petroleum,  and  other  similar  smudge  materials 
were  substituted ;  but  the  results  have  not  been,  as  a  rule,  satisfactory, 
although  the  smoke  was  equally  dense.  However,  quite  successful 
results  were  obtained  by  Mr.  Buck,  Mr.  La  Rue,  and  others  in  the 
Vacaville  and  Sonoma  sections  by  burning  damp  stable  manure  in 
sacks  scattered  through  the  orchard. 

After  ^considering  the  question,  the  writer  was  convinced  that  the 
protection  of  the  northern  wheat  fields  must  be  due  to  something 
besides  the  checking  of  radiation  by  the  cloud  of  smoke,  for  the  heat 
which  is  radiated  from  the  earth  to  the  cloud  is  absorbed  by  the  cloud 
and  not  reflected.  Consequently,  unless  the  air  is  almost  perfectly 
calm  to  a  considerable  elevation,  the  heat  is  carried  away  as  the  smoke 
drifts  off  with  the  wind  before  much  is  radiated  by  the  cloud  of  smoke 
back  to  the  earth. 

Damp  9mudge  fuel  preferable. — It  was  observed  that,  as  a  rule,  when- 
ever damp  fuel  was  used,  the  efforts  at  protecting  were  more  success- 
ful than  at  other  times.  In  the  case  of  dry  smudge  material,  the 
heat  of  the  fire  raises  the  temperature  of  the  air  about  the  burning 
fuel  to  hundreds  of  degrees  above  the  surrounding  air.  It  is  conse- 
quently greatly  expanded,  and  its  density  diminished  so  that  it 
rapidly  rises  and  the  neighboring  air  flows  in  to  take  its  place.  This 
also  is,  in  turn,  heated  and  escapes  upward,  carrying  the  heat  and 
smoke  of  the  fire  with  it.  On  reaching  an  elevation  considerably 
above  the  trees,  it  is  blown  away  more  or  less  rapidly  by  the  almost 
constant  circulation  of  air  at  such  an  elevation. 

When  damp  fuel  is  used,  a  considerable  portion  of  the  heat  of  the 
fire  is  expended  in  evaporating  the  water  in  the  fuel,  and  the  conse- 
quent upward  draft  of  the  fire  is  lessened  by  this  amount. 

The  amount  of  heat  consumed  in  evaporating  water  is  very  con- 
siderable. The  evaporation  of  a  quart  of  water  would  necessitate  the 
expenditure  of  as  much  energy  as  would  be  needed  in  raising  the 
temperature  of  the  air  26^  throughout  a  space  10  feet  square  and 
deep. 

It  is  evident  from  this  fact  that  the  upward  draft,  which  was  so 
marked  in  the  case  of  dry  fuel,  is  greatly  diminished  when  damp  fuel 
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ie  used ;  consequently,  the  emoke  remains  nearer  the  surface,  where 
the  trees  interfere  with  the  movement  of  the  wind  and  tend  to  retain 
the  smoke,  thus  increasing  the  protection. 

Further,  Tyndall  has  proven  that  vapor  itself,  even  while  invisible 
acts  as  a  barrier  in  retarding  radiation,  and  if  it  condense  rapidly 
enough  it  will  cause  the  small  particles  of  water  thus  left  suspended 
in  the  air  to  form  a  cloud  or  fog,  which  will  obscure  the  sky  and 
prevent  radiation. 

However,  by  far  the  principal  cause  of  the  protection  obtained 
from  the  wet  smudge  properly  belongs  to  the  second  class  of  methods 
namelv  i 

U.  RAISING  THE  DEW-POINT. 

By  adding  moisture  to  the  air  and  thus  making  sensible  the  latent  heat 
of  condensation  at  a  temperature  above  the  danger  point. — As  men- 
tioned above,  when  damp  fuel  is  used  a  considerable  portion  of 
the  heat  produced  by  the  fire  is  expended  in  evaporating  the  water 
in  the  fuel.  The  vapor  thus  formed  is  invisible  and  has  all  the 
properties  of  a  gas,  and  quickly  distributes  itself  throughout  the  sur- 
rounding space  almost  as  rapidly  as  air  will  expand  to  fill  a  vacuum, 
for  it  is  a  property  of  gases  that  each  will  occupy  a  given  space  in 
almost  the  same  manner  as  it  would  if  the  others  were  not  present. 
But  as  the  vapor  expands  into  the  surrounding  cooler  air  its  tempera- 
ture is  lowered  and,  unless  the  air  be  very  dry,  a  portion  of  the  vapor 
is  condensed,  forming  a  visible  fog  or  mist.  Now,  all  the  heat  which 
was  consumed  in  evaporating  the  water  again  becomes  sensible  upon 
its  condensation,  and  tends  to  raise  the  temperature  of  the  surround- 
ing air.  The  heat  thus  set  free  will  be  in  great  part  confined  to  the 
particles  of  water  composing  the  fog,  which  are  too  dense  to  rise, 
and  thus  they  will  tend  to  prevent  the  escape  of  the  heat,  and  at  the 
same  time  they  are  so  small  that  they  fioat  in  the  air  as  fog,  with 
hardly  a  perceptible  tendency  to  fall. 

The  tendency  is,  therefore,  to  trap  the  heat  produced  by  the  fire 
and  distribute  it  throughout  the  space  near  the  surface  which  needs 
protection.  The  excessive  heat  about  the  fire  which,  with  dry  fuel, 
produces  the  wasteful  upward  draft,  is,  in  this  instance,  utilized 
in  evaporating  the  water  in  the  fuel.  The  vapor  then,  by  the  opera- 
tion of  its  gaseous  property,  distributes  itself  quickly  throughout  the 
surrounding  cooler  space,  where,  in  condensing,  it  sets  free  its  latent 
heat,  warming  the  region,  and,  by  the  density  of  the  fine  particles  of 
water  thus  warmed,  the  heat  is  retained  near  the  surface. 

After  a  considerable  study  of  various  methods  of  protecting 
orchards  against  frost  which  have  thus  far  been  made  public,  the 
writer  has  become  convinced  that  those  which  depend  for  their  suc- 
cess upon  this  principle  (II)  are  generally  the  most  efficient.  In 
very  dry  climates,  however,  where  the  dew-point  at  times  of  danger 
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is  10^  or  more  below  the  temperatnre  of  the  air,  this  method  is  ineffi- 
cient since  the  vapor  does  not  condense  in  sufficient  quantities  to 
protect,  and  owing  to  the  vapor  being  lighter  than  air,  it  escapes 
upward  and  the  heat  necessary  for  its  formation  is  lost. 

Many  methods  which  involve  this  principle  have  been  suggested 
and  tried,  two  of  which  have  already  been  mentioned,  namely: 

Fires  of  damp  straw  and  stable  manure. — Have  the  fuel,  in  small 
piles,  distributed  throughout  the  orchard  in  advance;  the  more 
numerous  the  piles  the  better.  With  the  same  amount  of  fuel  the 
best  protection  is  obtained  from  small  and  frequent  fires,  since, 
with  small  fires,  the  upward  draft  is  reduced  to  a  minimum,  and 
the  more  frequent  the  fires  the  more  uniform  will  be  the  distribution 
of  heat. 

Sacks  of  manure.— A  decidedly  preferable  method  is  to  pack  damp 
stable  manure  in  common  grain  or  burlap  sacks,  by  which  it  can  be 
conveniently  handled.  They  should  be  distributed  through  the 
orchards  in  rows  about  100  feet  apart,  and  about  50  feet  between 
sacks  in  each  row.  When  it  is  found  necessary  to  protect,  a  small 
amount  of  coal-oil  is  poured  upon  each  sack  and  ignited.  It  is  usu- 
ally unnecessary  to  fire  more  than  every  second  or  fourth  sack,  the 
remainder  being  left  for  later  occasions.  These  sacks  will  burn  with 
a  smoldering  fire  for  several  hours. 

The  amount  of  heat  which  is  set  free  by  burning  one  sack  of  ma- 
nure weighing  about  60  pounds,  and  condensing  the  vapor  near  the 
sarface,  would  be  sufficient  to  raise  the  temperature  20°  in  a  space  75 
feet  square  and  25  feet  deep.  If  one-fourth  of  this  heat  remained 
within  the  region  needing  protection,  which  seems  to  be  a  reasonable 
estimate,  ample  protection  would  be  obtained  for  almost  any  ordi- 
nary conditions. 

Bales  of  wet  straw, — Mr.  T.  A.  Morrison,  of  Riverside,  Cal.,  suggested 
the  use  of  a  similar  plan,  in  which  bales  of  wet  straw  were  substi- 
tuted for  manure.  This  plan  has  been  tried  with  fair  success.  One- 
hundred  pound  bales  were  cut  in  four  pieces,  a  tie  wire  being  left 
about  each  piece,  and,  if  properly  dampened,  will  burn  with  but  little 
care,  causing  a  small  smoldering  fire. 

Prunings, — The  prunings  of  the  trees,  which  are  usually  removed 
shortly  before  the  period  when  frosts  are  likely  to  do  their  greatest 
injury,  are  excellent  smudge  material,  and  should  always  be  preserved 
for  this  use.  They  should  be  piled  in  open  spaces  throughout  the 
orchard  or  vineyard,  and  burned  at  times  when  protection  may  be 
needed.  The  best  results  will  be  obtained  from  as  small  fires  as  will 
result  in  burning  the  prunings. 

PORTABLE   SMUDGE    FIRES. 

A  number  of  excellent  devices  have  been  tried,  in  which  the  fires 
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were  built  upon  eome  vehicle  by  which  they  oould  be  moved  aboot 
the  orchard.    The  advantagee  of  this  plan  are  several: 

First.  The  fire  can  be  moved  to  the  section  where  most  needed, 
generally  along  the  windward  side  of  the  orchard. 

Second.  The  loss  of  heat  by  an  upward  draft  is  almost  entirely 
prevented,  since  the  fire  does  not  remain  in  one  position  long  enough 
to  establish  such  a  draft.  On  this  accounts  much  larger  and,  con- 
sequently, fewer  fires,  with  equal  efficiency,  are  possible. 

Third.  There  is  a  much  more  uniform  distribution  of  heat  through- 
out the  orchard. 

The  Fleming  Fruit  Company's  process.-^One  of  the  first  to  adopt  this 
plan  was  the  Fleming  Fruit  Company,  of  Visalia,  Cal.,  the  manager 
of  which  thus  describes  his  method  : 

We  baUt  wire  frames  (chicken-yard  fencing)  on  our  low  track  wagons,  stretch- 
ing them  from  fonr  wagon  stakes  and  heaping  over  with  wet  manure.  Dirt  was 
then  thrown  on  the  wagon  beds  to  protect  them,  and  pots  of  horning  tar  were 
set  underneath  the  straw  roof.  A  barrel  of  water  on  the  wagon  was  used  to  keep 
the  straw  wet.  These  wagons  were  driven  about  and  did  the  best  work,  as  they 
could  go  wherever  most  needed.  The  smoke  and  vapor  were  carried  to  the  rear 
as  the  wagon  moved,  and,  being  carried  at  once  out  of  the  rising  heat,  fell  close 
to  the  ground  in  a  long,  white  trail.  At  daylight  our  whole  400  acres  of  orchard 
were  covered  with  a  white  fog,  extending  from  the  ground  to  about  20  feet  high- 

They  also  used  similar  fires  as  stationary  smudges,  the  wire  netting 
being  stretched  between  four  stakes  driven  in  the  ground,  and  a  simi- 
lar plan  has  been  since  experimented  with  by  Meacham  Brothers,  of 
Riverside,  Cal.     These  latter  proved  much  less  efficient. 

The  plan  of  the  Rio  Benito  Orchard  Company, — ^A  modified  form  of 
the  Fleming  process  was  used  with  excellent  results  by  this  company 
at  Biggs,  Cal.  In  this  case  rough  sleds  were  constructed  at  a  cost  of 
less  than  $2  each.  The  runners  were  of  2  by  4  scantling,  which  were 
connected  by  a  few  boards  about  4  feet  long.  Upon  these  dirt  was 
piled  to  hold  the  pot  of  burning  tar.  The  four  upright  sticks  were 
spiked  to  the  runners,  the  tops  of  which,  about  IS  inches  above  the 
bed  of  the  sled,  were  connected  by  strips  of  inch  boards  4  to  6  inches 
wide.  To  these  strips  the  chicken-wire  netting  was  attached.  This 
rude  box  or  screen  supported  the  wet  straw  or  manure  used  as  smudge 
material.  Four  of  these  sleds,  two  wagons  rigged  after  the  Fleming 
plan,  and  about  500  sacks  of  manure  were  found  sufficient  protection 
for  an  orchard  of  300  acres  during  each  night  of  the  severe  April 
frost  of  1896.  The  orchard  was  successfully  protected  during  six 
successive  nights  of  severe  frost,  at  an  expense  of  less  than  1  per  cent 
of  the  value  of  the  crop  undoubtedly  saved  by  this  means. 

This  device  can  be  made  much  more  efficient  by  supporting  the 
center  of  the  screen  by  an  arch  of  heavy,  stiff  wire  passing  diagonally 
from  runner  to  runner  and  forcing  up  the  bottom  of  the  screen  so  as 
to  cause  it  to  present  a  concave  surface  to  the  fire,  thus  causing  more 
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of  the  heat  to  pass  through  the  smudge  material  and  less  to  escape 
upward  about  the  sides  of  the  screen. 

Mr,  Priestly  HaW 8  device. — ^Mr^Priestly  Hall  has  made  a  much  more 
efficient  form  of  sled,  operating  under  the  same  principle.  Upon  a 
sheet-iron  bed  of  a  sled  he  has  placed  a  small  fire-box,  consisting  of  a 
grate  4  or  6  inches  above  the  bed  of  the  sled,  over  which  pass  iron 
rods  bent  in  the  form  of  an  arch,  leaving  a  space  for  the  fire  about  14 
inches  in  diameter.  This  fire-box  is  inclosed  in  a  large  corrugated 
iron  box,  which  has  the  bed  of  the  sled  (about  8  by  4  feet  in  size)  for 
a  bottom,  and  sides  80  inches  high.  A  door  is  made  in  the  front  of 
the  corrugated  box,  to  admit  fuel  to  the  fire.  The  box  is  kept  filled 
with  wet  straw  or  manure  and  a  fire  is  maintained  in  the  fire-box  when 
the  machine  is  in  operation. 

The  Howard  method. — ^Mr.  R.  H.  Howard,  of  Riverside,  Cal.,  has  de- 
vised a  somewhat  similar  plan,  which  undoubtedly  will  be  found  very 
efficient.  The  fuel  used  is  crude  petroleum,  supplied  to  the  burner 
from  a  tank  on  the  wagon  or  truck  containing  the  apparatus.  Over 
the  burner  is  placed  a  large  wire  basket,  containing  mineral  wool, 
which  is  kept  saturated  with  water  supplied  by  a  tank,  also  placed 
upon  the  wagon.  Wet  straw  or  manure  could  also  be  used,  if  desired. 
The  apparatus  can  be  driven  about  the  orchard  where  most  needed. 
The  burning  coal-oil  gives  off  a  dense  smoke,  while  the  wet  mineral 
wool  will  furnish  a  vast  amount  of  surface  from  which  evaporation 
can  take  place,  and  at  the  same  time  the  material  will  not  be  con- 
sumed. Mr.  Howard  suggests  the  use  of  somewhat  similar  devices 
for  stationary  evaporators  placed  in  various  portions  of  the  orchard. 

Mr.  Oeorge  F.  Ditzler^s  machine. — ^A  number  of  more  or  less  expensive 
mechanical  appliances  have  been  devised  which  depend  upon  this 
principle  (II)  for  their  success  in  protecting.  Undoubtedly,  among 
the  best  of  these  should  be  mentioned  that  of  Mr.  George  F.  Ditzler, 
superintendent  of  the  Rio  Benito  orchards  at  Biggs,  Cal.  The  ma- 
chine consists  of  a  large  sheet-iron  tank,  8  or  4  feet  square  and  deep, 
which  is  mounted  upon  a  truck.  About  6  inches  from  the  bottom  of 
the  tank  a  wire  screen  or  grate  is  erected.  Through  a  hole  in  the 
tank  beneath  the  screen  a  blast  is  admitted,  which  is  produced  by  a 
revolving  fan  similar  to  those  used  in  blacksmith  forges.  This  is 
operated  by  a  sprocket  chain  and  wheel  attached  to  the  wheel  of  the 
truck.  A  water  cask  and  force  pump,  operated  by  the  movement  of 
the  wagon,  complete  the  outfit.  In  operation,  a  little  tar  or  other 
fuel  is  placed  upon  the  grate  and  ignited,  and  the  tank  is  then  filled 
with  wet  straw  or  manure,  when  the  machine  is  put  in  motion.  The 
blast  thus  produced  causes  an  intense  fire,  which  will  burn  the  wettest 
of  fuel,  and  all  of  the  heat  of  the  fire  must  pass  up  through  the  8  feet 
of  wet  material  before  it  can  escape  into  the  air.  By  this  means, 
almost  the  entire  heat  is  consumed  in  evaporating  water,  which 
p 2 
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qnickly  condenseB  after  escaping  from  the  tank,  and  foime  a  dense 
fog  or  mist.  That  the  heat  of  the  fire  is  thns  expended  in  evapo- 
rating water  is  evidenced  by  the  fact  ^bat  the  air  which  escapes  from 
the  tank,  charged  with  moistore,  is  bnt  little  warmer  than  the  snr- 
rounding  atmosphere.  While  the  machine  is  in  motion,  water  is  con- 
tinnally  pomped  from  the  cask  and  discharged  from  small  holes  about 
the  top  of  the  tank  upon  the  f oel.  The  machine  is  driven  forward 
and  back  between  the  rows  of  trees  in  the  orchard.  It  is  said  that 
one  such  machine  will  evaporate  100  gallons  per  hour,  which,  under 
the  conditions  it  produces,  should  protect  abotft  60  acres.  The  fog 
thus  formed  in  the  orchard  is  so  dense  that  the  driver  frequently  has 
to  go  ahead  and  lead  the  team,  since,  from  the  truck,  he  can  not  see  to 
drive  it. 

Probably  no  greater  protection  has  been  obtained  from  the  burning 
of  the  same  amount  of  fuel  than  by  this  machine,  since  but  little,  if 
any,  of  the  heat  is  wasted ;  however,  it  may  be  a  question  if  the  gain 
over  that  obtained  from  the  use  of  other  portable  smudges  is  sufficient 
to  warrant  the  increased  expense  for  constructing  these  machines. 

STEAM  AND  VAPOR  PROTECTION. 

Many  devises  have  been  suggested  for  protecting  by  the  addition  of 
moisture  to  the  air,  besides  those  involving  the  wet  smudge.  A  num* 
ber  of  these  have  proven  efficient.  It  would  seem,  however,  as  if 
these  plans  were  not  likely  to  be  quite  as  efficient  as  the  wet  smudge, 
since,  with  equal  evaporation,  the  wet  smudge  has  the  additional 
protection  obtained  from  retarding  the  radiation  of  heat  by  means  of 
the  screen  of  smoke. 

Mr,  H,  C.  Finkle*8  plan. — ^Mr.  H.  C.  Finkle,  a  civil  engineer  of  San 
Bernardino,  Cal.,  outlined  in  the  Riverside  Press,  in  February,  1896, 
quite  an  elaborate  plan  for  protecting  citrus  groves  in  southern  Cali- 
fornia. The  essential  feature  of  the  plan  provided  for  the  erection 
of  several  large  plants  for  evaporating  water  from  pans  over  coal-oil 
furnaces. 

The  criticism  most  likely  to  be  made  of  this  plan  will  be  that  the 
upward  draft,  which  must  exist  with  all  large  stationary  fires,  will 
cause  a  large  portion  of  the  heat  and  the  vapor  to  be  carried  above 
the  region  needing  protection. 

Further,  it  is  very  doubtful  if  any  evaporating  pan  which  might  be 
used  would  evaporate  as  much  water  as  would  result  from  the  burn* 
ing  of  wet  straw  over  the  same  fire,  for  the  hot  gases  and  air  from 
the  fire  come  in  contact  with  vastly  greater  surfaces  in  filtering 
through  the  mass  of  straw  than  will  be  encountered  in  the  best  of 
evaporators.  The  straws  thus  act  as  the  tubes  in  a  boiler  in  in- 
creasing the  surface  exposed  to  the  heat. 

Such  a  plant  placed  at  the  lowest  point  in  a  valley,  however,  might 
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be  of  nse  in  assiBting  to  dissipate  the  cold  air  that  aocnmalates  in 
such  places,  by  drawing  it  into  the  fire;  bnt  in  this  case  a  steam- 
boiler  would  be  preferable,  from  which  the  steam  might  be  conducted 
in  pipes  for  a  considerable  distance  underneath  the  trees  and  then 
allowed  to  escape  from  small  vents  or  jets  scattered  along  the  pipes. 

The  evaporating  pans  previously  described  were  proven  inefficient 
in  the  extensive  experiments  conducted  at  Riverside,  Cal.,  during  the 
winter  of  1897-98. 

In  the  preceding  methods,  heat  has  been  used  to  add  moisture  to 
the  air,  but  several  very  successful  plans  do  not  require  that  agency. 
The  two  most  important  methods  are — 

Spraying  and  irrigating. --Bj  spraying  plants  and  trees  with  a  very 
fine  spray  in  times  of  frost,  the  injury  will,  in  most  instances,  be 
greatly  diminished.  At  the  Everest  Ranch,  Riverside,  Cal.,  a  portion 
of  the  orange  grove  is  protected  by  sprinklers  placed  at  the  top  of 
60-foot  masts,  which  fill  the  air  with  a  very  fine  spray.  In  nearly 
every  instance  the  protection  has  been  sufficient,  but  at  times  of  very 
severe  freezes  the  accumulation  of  ice  on  the  trees  bruises  the  tender 
branches. 

Sprinkling  a  garden  before  sunrise  on  a  frosty  morning  has  proven 
of  decided  value.  The  water  remains  on  the  plants,  and  is  available 
for  absorption  by  the  burst  cells  of  frozen  plants  as  they  thaw,  and 
the  injury  is  thus  reduced. 

In  regard  to  the  value  of  irrigation,  Mr.  I.  H.  Thomas,  of  Visalia, 
Cal.,  thus  writes  to  the  California  State  Board  of  Trade: 

I  turned  the  water  on  my  place  a  few  days  before  the  freeze,  and  I  found  it  to 
be  a  safe  remedy  against  damage  by  frost.  Wherever  the  water  was  run,  the  effect 
of  the  frost  was  neutralized,  and  the  fruit  was  not  damaged.  By  reason  of  this 
precaution  I  will  have  a  good  crop  of  fruit,  while  some  of  my  neighbors,  who 
resorted  to  smudging,  lost  almost  their  entire  crop.  This  proves  one  thing  of 
great  value  and  importance  to  the  fruit-growing  industry:  that  by  wetting  the 
soil  during  these  periods  of  freezing,  and  causing  an  evaporation  of  moisture 
tempered  by  the  warmth  of  the  soil,  the  frost  is  neutralized,  and  damage  averted. 

In  my  orchard,  where  the  thermometer  fell  as  low  as  28°,  this  process  resulted 
in  saving  my  crop  from  material  damage.  As  a  further  evidence  of  a  proof  of 
this  theory,  the  Visalia  Fruit  and  Land  Company's  orchard  on  St.  John's  River, 
for  thirty  or  forty  rows  nearest  the  river,  as  far  from  the  banks  as  the  seepage 
was  sufficient  to  cause  an  evaporation  of  moisture,  the  fruit  was  not  materially 
damaged,  while  back  of  that,  where  there  was  no  seepage  and  where  the  land 
was  perfectly  dry,  the  crop  was  ruined. 

At  another  orchard,  where  they  smudged  during  the  frosty  period  and  at  great 
expense,  and  kept  up  a  cloud  of  smoke  so  dense  that  you  could  hardly  see  from 
one  row  to  another,  the  damage  almost  annihilated  the  crop,  except  in  the  case 
of  40  acres  where  the  water  had  been  turned  on  a  few  days  before  the  freeze. 
On  this  40  acres  but  very  little  damage  resulted.  In  one  spot  on  the  40  acres 
that  was  flooded  there  was  a  piece  of  raised  ground  that  contained  20  or  30  trees, 
and  which  the  water  did  not  reach.  The  fruit  on  the  trees  of  this  spot  was 
killed,  while,  as  soon  as  you  came  to  the  trees  on  the  flooded  portion,  there  was 
no  perceptible  damage. 
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This  tells  a  great  story,  and  is  not  only  an  additional  argument  in  favor  of  irri- 
gation in  general,  but  it  enjoins  the  f  rnit-grower  to  have  his  water  available  early 
in  the  spring  where  he  can  practice  early  spring  irrigation,  and  thus  not  only 
insure  a  stronger  and  more  vigorous  crop  during  the  critical  budding  season,  but 
insure  also  an  additional  protection  against  possible  danger  from  late  frosts. 

In  comparing  this  method  with  the  smudge,  it  would  have  been 
preferable  had  Mr.  Thomas  mentioned  the  character  of  the  fuel  used 
in  making  the  smudge.  While  there  is  no  doubt  about  the  value  of 
irrigation  as  a  protection  from  frost,  and  the  same  should  be  used 
wherever  practicable,  still  the  communication  of  Mr.  Thomas  leaves 
a  ground  for  doubt  as  to  the  comparative  merits  of  this  plan  and  the 
smudge.  The  writer  is  unacquainted  with  information  from  which  a 
satisfactory  comparison  of  these  processes  can  be  made,  still  there  is 
no  doubt  of  the  advisability  of  using  irrigation  where  it  is  possible, 
and  if  this  is  not  found  sufficient  protection  some  of  the  wet-smudge 
methods  should  also  be  employed. 

The  protection  obtained  from  spraying  and  irrigating  is  probably 
due  to  very  similar  principles.  It  is  partly  due  to  the  evaporation  of 
the  water,  which  tends  to  increase  the  amount  of  moisture  in  the  air, 
BO  that  condensation  will  take  place  at  a  higher  temperature. 

However,  the  greatest  amount  of  protection  is  probably  due  to  the 
third  principle  of  protection,  namely : 

m.  ADDING  HBAT  TO  THB  AIB. 

This  results  from  the  high  specific  heat  of  water.  Owing  to  this 
property,  about  six  or  seven  times  as  much  heat  is  required  to  raise 
the  temperature  of  water  1^  as  is  necessary  to  change  the  temperature 
of  most  other  substances  by  a  like  amount.  Consequently,  in  cooling, 
six  or  seven  times  as  much  heat  must  be  withdrawn  from  a  mass  of 
water  as  from  other  substances  to  produce  the  same  fall  in  tempera- 
ture. Dry  soil  will,  perhaps,  on  an  average,  absorb  80  per  cent  of  its 
weight  of  water,  which,  if  at  the  soil  temperature,  will  contain  twice 
as  much  heat  as  the  soil  itself.  Therefore,  as  radiation  cools  the 
earth's  surface  at  night,  this  saturated  soil  will  have  three  times  as 
much  heat  to  radiate  as  would  be  available  were  the  soil  dry.  Its 
rate  of  cooling  is  therefore  much  slower,  and  the  danger  of  frost  is 
thus  greatly  decreased. 

This  effect  is  probably  still  further  augmented  by  the  water  increas- 
ing the  conductivity  of  the  soil,  so  that,  as  the  surface  cools  by  radia- 
tion, heat  from  the  soil  beneath  is  brought  to  the  surface  more  rapidly, 
thus  making  available  a  still  larger  amount  of  heat. 

Undoubtedly,  experiments  as  to  the  relative  conductivity  of  wet  and 
dry  soils  have  been  made,  but  the  writer  has  not  the  data  at  hand  for 
examination,  and  therefore  can  not  make  an  estimate  of  the  benefit  to 
arise  from  this  principle ;  it  is  evidently  considerable. 

While  irrigation  is  undoubtedly  a  valuable  protection,  there  is  one 
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caution  that  mast  be  considered  in  ita  use.  Plants  are  much  more 
easily  damaged  when  full  of  moisture  and  s^p,  and  when  growing 
rapidly,  than  when  drier  and  in  the  semi-dormant  state  in  which  they 
remain  during  the  winter.  Therefore,  the  danger  from  frost  will  be 
lessened  if  the  early  spring  growth  be  retarded.  To  irrigate  the  soil 
with  warm  water  (which  would  afford  the  best  protection)  will  tend 
to  hasten  the  spring  growth.  On  this  account,  the  ground  should  be 
irrigated  only  when  necessary  for  protection  during  the  period  when 
frost  may  occur. 

The  use  of  cold  water  in  irrigating  would  render  much  less  protec- 
tion from  frost,  but  would  tend  to  delay  the  growth  so  that  buds  would 
not  open  until  the  frost  season  had  passed. 

DIBSCTLY  HEATING  THB  AIB  BY  MEANS   OF    FIBES. 

Mr.  Edward  Copely^s  plan, — ^Mr.  Edward  Cppely,  of  Riverside,  Cal., 
in  several  articles  published  in  the  Riverside  Press  of  April,  1896, 
describes  at  length  experiments  which  he  has  made  in  heating  the  air 
directly  by  small  fires  of  coal,  placed  in  wire  buckets  hung  a  short 
distance  above  the  ground.  In  his  discussion,  he  takes  into  consid- 
eration the  fact  that  on  frosty  nights  the  air  for  some  distance  above 
the  ground  is  considerably  warmer  than  the  surface,  consequently  it 
would  be  possible  to  warm  the  lower  air  until  its  temperature  and 
resulting  density  were  equal  to  those  of  the  air  above  the  surface 
before  there  would  be  any  tendency  of  the  surface  air  to  rise  and 
escape.  Therefore,  he  believes  that  it  is  possible,  by  means  of  small 
fires,  to  warm  the  lower  stratum  of  air  sufficiently  to  prevent  frost 
and  at  the  same  time  avoid  loss  of  heat,  which  would  result  were  there 
an  upward  draft  of  sufficient  force  to  carry  the  heated  air  above 
the  tree  tops. 

The  difficulties  experienced  in  all  methods  of  directly  heating  the 
air  arise  from  the  unequal  distribution  of  the  heat  through  the  lower 
portion  of  the  air,  on  account  of  which  the  warmer  masses  of  air  rise 
above  the  region  needing  protection,  and  cold,  denser  air  is  continu- 
ally flowing  in  from  the  sides  to  replace  them.  Of  course,  this  up- 
ward draft  will  be  less  with  small  than  with  large  fires. 

During  the  winter  of  1897-98  a  number  of  unusually  severe  frosts 
occurred  in  the  citrus  region  of  California.  Advantage  was  taken  of 
these  occasions  by  the  Horticultural  Club  of  Riverside  to  test  many 
devices.  Below  is  given  an  account  of  these  experiments  which  were 
probably  the  most  extensive  and  carefully  conducted  of  any  ever 
made  in  this  country.  These  show  very  conclusively  the  value  of 
these  small  fires  in  protection  in  such  a  dry  climate  as  exists  at  River- 
side. In  fact  this  method  proves  the  most  satisfactory  of  all  those 
tested,  and  a  similar  result  will  probably  be  found  to  be  the  case  in 
places  where  the  dew-point  is  10^  or  more  below  the  temperature  of 
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the  air  at  times  of  danger.  From  what  the  writer  is  able  to  learn  he 
does  not  think  the  trials  of  the  damp  smudge  were  generally  made 
in  the  most  eflBicient  manner ;  however,  in  very  dry  climates,  the  vapor 
of  the  wet  smudge  diffuses  throughout  the  surrounding  space  without 
condensing,  thus  rendering  that  method  of  protecting  ine£Gicient. 


REPORT  OF  EXPERIMENTS  IN  FROST  PROTECTION  MADE  BY  THE 
RIVERSIDE  HORTICULTURAL  CLUB  DURING  THE  WINTER  OF 
1897-98. 

Preliminary  Report  by  B.  W.  Houcbs  and  B.  B.  Wilhitb. 

Desiring  to  obtain  reliable  data  as  a  guide  to  action  by  orchardists  in  prevent- 
ing injury  from  frost,  the  Riverside  Horticultural  Club,  after  considerable  dis- 
cussion over  the  various  theories  presented,  appointed  a  committee,  of  which 
J.  H.  Reed  was  chairman,  to  institute  a  series  of  practical  experiments  with  the 
appliances  made  use  of  in  the  valley  for  that  purpose. 

Securing  the  assistance  of  an  excellent  corps  of  helpers,  and  carefully  organ- 
izing the  work  to  be  done,  Mr.  Reed  arranged  for  a  thorough  test  of  the  differ- 
ent methods  and  fixed  upon  Saturday  night  for  the  first  tests.  It  proved  one 
peculiarly  fit  for  the  investigation. 

Eight  different  plats  were  laid  out,  with  a  proper  committee  at  each  to  make 
frequent  observations  during  the  night.  In  addition,  five  gentlemen  were 
assigned  the  work  of  going  over  the  whole  ground  to  be  able  to  make  compari- 
sons and  qualify  themselves  to  correctly  judge  of  the  details  to  be  later  fur- 
nished by  the  subcommittees.  Professor  Zumbro  was  of  this  committee,  and 
made  tests  of  humidity  and  temperature  in  and  outside  of  the  tracts  where  the 
different  heat  making  processes  were  being  carried  on. 

As  the  subject  is  one  that  demands  prompt  reporting,  that  the  points  gained 
may  be  made  immediately  available,  I  will  anticipate  the  formal  report,  to  be 
made  to  the  Club  when  the  data  gained  has  been  put  in  shape,  and  give  to  the 
public  a  few  of  the  important  results.  The  conclusions  expressed  are  such  as  I 
have  personally  reached,  and  these  may  be  in  some  degree  modified  upon  a 
study  of  the  figures  to  be  furnished  by  the  different  committeemen. 

The  tests  were  made  between  Magnolia  and  Indiana  avenues,  in  a  section 
where  the  best  opportunity  is  afforded  for  getting  conditions  as.nearly  as  possible 
uniform,  and  were  scattered  over  an  area  a  mile  and  a  half  across. 

In  this  section  the  mercury  was  80°  before  the  work  commenced,  at  2:30  in  the 
morning,  and  in  all  the  orchards  was  tending  downward  when  operations  began. 
Indeed,  the  night  was  much  colder  than  was  anticipated,  and  the  temperature 
was  near  the  danger  point  in  a  large  portion  of  the  valley  before  morning. 

It  gives  me  great  pleasure  to  announce,  as  the  result  of  the  work  of  Saturday 
night,  that  henceforth  there  need  be  no  serious  loss  of  fruit  in  the  average  situa- 
tion, where  there  is  organized  preparation  on  lines  now  demonstrated  to  be 
valuable. 

It  is  not  proper  to  give  in  detail  before  the  committee's  report  is  made  public 
all  the  particulars  of  the  study  made,  but  I  desire  to  state  a  few  points  regarding 
which  I  feel  reasonably  sure. 

I  do  not  feel  certain  that  the  experiment  with  moist  straw  burning  demon- 
strated its  value  except  as  an  adjunct  to  other  methods.  In  the  orchard  where 
this  was  used  there  were  excellent  cypress  wind-breaks,  which  helped  materially 
in  holding  up  the  temperature.  In  this  orchard  the  mercury  stood  uniformly  1^ 
higher  than  in  adjacent  orchards,  but  I  do  not  think  it  can  be  certain  that  the 
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smudge  may  have  all  the  credit  of  this.  The  committee  propose  to  give  more 
thorough  tests  of  this  system  before  finally  giving  an  opinion. 

The  steam  apparatus  of  Mr.  Hall,  used  near,  and  under  similar  local  condi- 
tions, gave  identical  results  with  the  straw  test;  but  this  test  was  not  satisfactory, 
since  a  single  machine  could  not  be  expected  to  change  conditions  over  so  large 
an  area. 

The  steam  apparatus  on  the  navel  orchard  of  Mr.  Grant,  the  most  complete 
of  the  kind  yet  used,  did  not  raise  either  the  dew-point  or  the  temperature  in 
the  least.  It  is  possible  that  if  forty  had  been  used  instead  of  ten  the  result  might 
have  been  different.  But  I  am  not  inclined  to  believe  success  can  be  attained 
by  this  process.  The  truth  is  thatfthe  dew-point  was  not  raised  perceptibly,  as 
was  expected,  and  the  cold  increased  until  it  reached  the  dew-x>oint.  The 
moisture  settled  and  turned  into  frost  on  the  leaves  of  the  trees,  and  the  tem- 
perature was  not  diflerentafter  four  hours'  test  from  that  in  the  open  plain  near. 

But  in  the  seedling  orchard  near,  where  twenty  coal  baskets  to  the  acre  were 
burning,  we  found  the  temperature  4°  higher  than  in  the  navel  orchard  referred 
to.  The  tests  showed  that  in  seedling  orchards  near,  where  no  work  was  being 
done,  but  where  wind-breaks  and  the  large  trees  themselves  gave  some  protec- 
tion, the  mercury  showed  2^  more  heat  than  in  the  navel  grove,  where  the 
steam  was  generated,  and  this  proved  that  the  coal  fires  had  raised  the  tempera- 
ture at  least  2^,  enough  in  this  case  to  absolutely  insure  safety. 

On  the  Copley  place  the  coal  baskets  were  used,  and  only  ten  to  the  acre 
showed  a  difference  of  I^  early  in  the  test,  but  later  a  difference  of  2.5°  over 
similar  orchards  adjacent. 

I  was  skeptical  about  the  value  of  this  method  when  so  few  fires  were  lighted, 
but  I  now  admit  that  the  result  shows  this  system  deserving  of  general  use, 
though  I  think  not  less  than  fifty  baskets  should  be  used  if  one  would  expect  to 
increase  the  temperature  sufficiently  in  a  really  cold  spell  to  warrant  effect. 

But  the  test  that  gave  the  best  result,  and  one  so  marked  as  to  prove  beyond 
all  doubt  the  practicability  of  frost  preservation,  was  that  upon  the  Everest 
Ranch. 

On  the  north  line  was  a  dense  cypress  row.  On  the  east,  from  which  direc- 
tion came  a  drift  of  air  of  about  27^  temperature,  was  placed  a  row  of  oil 
buckets,  the  fires  being  so  near  each  other  that  the  heat  was  very  perceptible  to 
one  standing  between  them.  Below  them  for  several  acres  were  burning  oil 
pots,  scattered  some  three  rows  apart  each  way.  The  trees  were  fair-sized 
navels,  but  not  large  enough  to  materially  modify  the  temperature.  A  test  near 
the  row  of  fires  on  the  windward  side  gave  32°.  Several  other  tests  in  various 
parts  of  the  area  showed  practically  the  same  temperature,  while  10  or  20  rods 
away  27°  was  indicated.  Here  was  clearly  a  gain  of  5°  by  artificial  heating  of 
"all  out  doors." 

The  oil  fires  were  very  hot  and  created  a  cloud  of  smoke  very  objectionable. 
But  I  could  not  but  feel  that  coal  baskets  two  or  three  times  as  numerous  and 
arranged  in  the  same  way,  with  a  massing  of  the  fires  to  windward,  would  attain 
equal  results,  with  less  objection  in  the  way  of  smut  and  less  expense  and 
trouble. 

The  section  where  a  half  acre  was  protected  by  a  screen  overhead  showed  80°, 
and  everything  under  it  safe. 

The  water  spray  system  gave  no  indication  of  increased  temperature,  the  tem- 
perature being  exactly  the  same  as  it  uniformly  was  where  no  fires  or  smudges 
were  made. 

On  Magnolia  avenue,  in  the  line  of  the  drifting  smoke,  the  mercury  was  1° 
higher  than  where  the  fires  and  smoke  had  no  influence. 

I  concluded  from  the  above  that  our  hope  is  in  dry  heat,  rather  than  creating 
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hmniditjy  and  for  the  first  time  feel  confident  that  except  in  except 
tionallj  cold  sections  the  presenration  of  an  orange  crop,  even  in  very  cold  win- 
ters, is  possible.  Respectfully  yoois, 

£•  W.  HoLins. 

The  following  is  a  report  from  the  effects  of  burning  straw  on  the  ranch  of  Dr. 
Baird,  near  the  comer  of  Indiana  avenne  and  Monroe  street*  between  Monroe 
and  Jackson.  The  firing  was  done  by  W.  P.  L^g  and  B.  £.  Wilhite  of  Arling- 
ton place.  On  Friday  night,  December  3,  they  homed  on  10  acres  2  tons  of 
straw,  raising  the  temperature  from  28®  to  28®,  on  an  average.  On  Saturday 
night,  December  4,  they  burned  three-quarters  of  a  ton  on  the  same  10  acres, 
raising  the  temperature  from  28®  to  29®,  on  an  average. 

On  Sunday  night,  December  6,  they  burned  2  tons  more,  and  the  temperature 
ran  from  24®  to  26®,  on  an  average.  By  placing  the  thermometer  within  a  dis- 
tance of  6  feet  of  the  flame  of  straw  the  thermometer  ran  from  24®  to  29®. 

Now,  if  a  little  medicine  will  help  a  sick  man,  increase  the  dose  and  he  will 
get  well.  If  a  little  fire  will  warm  you,  more  fire  will  make  you  sweat.  There 
are,  on  an  average,  10  flakes  of  straw  to  a  bale,  and  20  bales  to  the  ton,  or  200  flakes. 
Place  one  flake  to  a  tree  over  your  orchard,  or  a  quarter  of  a  ton  to  the  acre,  and 
at  about  4  a.  m.  light  them  by  pouring  a  little  oil  on  the  straw.  It  will  take 
about  2  gallons  to  light  10  acres.  When  lighted,  go  over  the  orchard  with  a 
pitchfork  and  touch  and  relight  what  did  not  bum,  and  those  that  are  burning 
stir  up  with  the  fork.  By  the  time  you  get  over  the  second  time  the  sun  is  up 
and  everything  made  safe.  You  are  out  $12  for  straw,  $4.50  for  help  to  distri- 
bute the  day  before,  which  should  always  be  done  beforehand;  $2.50  for  light- 
ing, and  32  cents  for  oil — or  a  total  of  $17.32  for  each  real  cold  night.  If  there 
are  six  such  in  one  winter,  you  are  out  Just  $103.92,  or  about  $10  per  acre,  and 
there  are  seldom  over  three  nights  of  danger,  and  a  crop  worth  $2,000  is  saved 
for  $103.92.  This  is  a  great  thing,  and  the  beauty  of  it  all  is  that  you  scatter 
straw  and  ashes  over  your  place,  and  of  a  cold  winter  your  place  is  sufficiently 
fertilized  and  you  are  out  comparatively  nothing  for  frost  protection.  All  the 
Riverside  people  should  arrange  for  this  and  warm  up  the  valley  on  the  coldest 
nights.  Coal  is  good,  but  you  are  out  the  expense  of  buying  the  baskets  and 
placing  them  over  the  orchard  and  taking  them  in,  and  in  the  end  get  no  fertil- 
izer. I  wish  the  people  would  look  into  this  matter  and  do  something  that  would 
make  everyone  happy. 

B.   E.   WiLHITK. 

Final  report  of  the  committee  of  the  HorOeuUuraZ  (Mub, 

At  the  last  meeting  of  the  Riverside  Horticultural  Club  the  committee  appointed 
to  Investigate  the  question  of  orchard  protection  made  its  report,  which  was 
adopted,  as  follows: 

Your  committee,  appointed  to  investigate  the  subject  of  frost  protection,  has 
performed  the  duty  assigned  it,  and  herewith  submits  its  report. 

With  the  assistance  of  some  fifteen  or  twenty  citizens  interested  in  the  study 
of  the  points  involved,  a  most  complete  test  has  been  made  of  the  many  different 
methods  employed  to  prevent  frost  damage.  With  such  a  force  of  competent 
and  impartial  observers,  it  was  possible  to  secure  data  of  much  value  in  forming 
an  estimate  of  the  efficiency  of  the  various  plans  made  use  of.  Careful  com- 
parison was  made  between  those  orchards  where  no  work  Was  done,  and  where 
no  direct  effect  of  the  fire  was  probable,  and  those  where  the  different  methods 
were  being  tried.  As  indicated  by  our  partial  report  at  the  last  meeting  of  the 
Club,  these  tests  were  in  some  particulars  eminently  satisfactory,  as  showing  the 
way  to  definite  conclusions. 
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The  exceptionally  long  period  of  cold  following  gave  additional  opportunity  to 
verify  the  first  conclusions  reached,  and  sabeeqaent  investigations  made  by  our- 
selves, as  well  as  by  other  citizens  who  have  awakened  to  the  possibility  of  pro- 
tecting their  property,  strengthened  and  confirmed  the  opinion  formed  as  the 
result  of  the  tests  already  partially  reported  upon. 

Some  theories  are  proven  to  have  little  practical  value,  and  members  of  your 
committee  have  modified  their  views  somewhat  in  consequence.  No  precon- 
ceived notions  have  been  allowed  to  stand  in  the  way  of  a  thoroughly  practical 
study  of  the  facts  as  they  exist,  to  the  end  that  the  growers  may  not,  for  the  lack 
of  definite  knowledge  as  to  the  direction  their  efforts  should  take,  neglect  reason- 
able precautions  hereafter  to  insure  the  safety  of  their  crops.  These,  therefore, 
are  our  conclusions : 

First.  There  is  no  doubt  whatever  that  the  temperature  of  our  orchards  may 
be  materially  raised  by  the  use  of  dry  heat. 

Second.  The  radiation  of  the  earth's  heat  can  be  very  considerably  lessened  by 
moist  smudges,  when  these  are  started  early  enough  and  are  properly  managed. 

Third.  The  possibility  of  raising  the  dew-point  on  one  of  the  dry,  cold  nights 
peculiar  to  our  climate,  sufficiently  to  prevent  damage,  by  means  of  steam- 
producing  apparatus,  seems  impracticable. 

Fourth.  Fruit  and  trees  can  undoubtedly  be  saved,  even  in  the  coldest  sections, 
by  covering  them  with  cloth  or  matting;  but  the  expense  involved  makes  this 
method  impossible  on  the  part  of  the  ordinary  grower. 

Fifth.  It  is  found  that  the  temperature  in  an  old  seedling  grove,  or  where  tall 
wind-breaks  afford  to  smaller  fruit  trees  a  like  protection,  the  temperature  is 
almost  invariably  I*'  or  2^  higher  than  in  exposed  orchards  in  the  immediate 
neighborhood.  This  fact  seems  to  thoroughly  upset  the  theory,  strongly  held 
by  many  intelligent  growers,  that  the  tall,  well-located  wind-break  is  a  disad- 
vantage, the  contrary  seeming  to  be  the  truth. 

Sixth.  It  is  found  that  the  temperature  20  feet  abbve  the  ground  is  from  V* 
to  2^  higher  than  at  the  surface,  and  that,  as  a  rule,  when  the  cold  is  severe 
enough  to  injure  the  ripest  fruit,  50  feet  from  the  ground  there  is  almost  invari- 
ably a  temperature  above  the  freezing  x>oint  of  water. 

Professor  Zumbro,  who  has  given  especial  attention  to  this  matter,  finds  that 
at  the  height  of  50  feet  the  temperature  is  from  5*^  to  10®  higher  than  at  the  sur- 
face when  the  air  is  not  in  motion.  When  there  is  any  considerable  breeze,  it 
varies  but  little. 

Seventh.  Our  conclusion  is  that,  all  things  oonsideredy  the  coal  baskets,  suf- 
ficiently numerous,  will  prove  the  most  satisfactory  and  effective  means  of 
warming  the  orchards  yet  ma^e  use  of.  It  is  true,  the  oil  pots  make  a  far  hot* 
ter  fire,  and  are  neither  expensive  nor  difficult  to  manage;  but  the  deposit  of 
lamp  black  upon  tree  and  fruit,  resulting  from  their  use,  condemns  this  system 
for  general  use. 

As  to  the  value  of  smudging  the  members  of  your  committee  are  not  so  well 
agreed.  Because  of  less  sharply  defined  results,  we  find  it  more  difficult  to 
come  to  definite,  at  least  uniform,  conclusions.  But,  under  certain  conditions, 
we  are  convinced  that,  properly  used,  it  may  be  made  a  valuable  means  of  pro- 
tection. We  think  this  especially  true  in  localities  where  the  temperature 
never  falls  but  little  below  the  danger  point,  and  where  there  are  considerable 
solid  areas  of  young  orchards  exposed.  Here  it  will  work  well  if  the  protec- 
tion 18  made  general.  But  where  the  danger  is  considerable  we  think  it  wise  to 
be  prepared  to  use  dry  heat  even  where  in  connection  with  the  smudge.  The 
benefit  from  smudging  is  probably  as  much  from  its  protecting  fruit  and  trees 
from  the  sudden  rays  of  the  morning  sun  after  a  freezing  night  as  from  modify- 
ing temperature  during  the  time  of  danger. 


26 

Ezperienoe  demonstrates  that  flooding  or  mnning  water  in  connection  with 
dry  heat  or  smudging  is  a  valoable  adjnnct.  One  of  the  committee  who  has 
been  testing  this  matter  carefally  for  three  years,  is  disposed  to  think  that  the 
direct  benefit  from  mnning  water  is  overestimated  by  the  majority  of  growers. 
Its  valne  in  patting  orchards  in  condition  to  withstand  quite  severe  weather 
safely  is  unquestioned,  but  the  committee  are  inclined  to  think  that  entire  de- 
pendence upon  this  method  will  occasionally  result  in  serious  loss  to  those  who 
trust  to  this  means  alone,  especially  when  used  in  young  orchards. 

As  to  the  number  of  baskets  needed  when  coal  is  used,  we  find  the  most  de- 
cided and  satisfactory  results  have  been  gained  where  from  twenty  to  fifty  coal 
fires  have  been  used  to  each  acre.  If  intelligently  and  energetically  used,  this 
plan  will  never  fail,  except  when  the  mercury  drops  below  24^  for  a  long  while, 
and  even  then  it  is  believed  the  larger  portion  of  the  crop  may  be  saved  if  any- 
thing like  a  general  use  of  such  fires  be  secured.  The  smaller  number  of  fires 
named  has,  in  numerous  cases,  and  even  when  a  man  was  working  alone, 
secured  a  rise  of  from  3*^  to  5^,  and  saved  a  crop.  Can  it  be  doubted  that  fifty 
fires  per  acre,  used  in  every  orchard,  would  save  both  trees  and  crop  on  the 
coldest  night  ever  known  in  California's  history  7 

To  equip  an  orchard  with  fifty  baskets  to  the  acre  means  an  outlay  of  only  a 
little  over  $5.  The  fuel  to  run  them  one  night  costs  from  $2.50  to  |8.  If  a  crop 
of  navels  upon  it  is  worth  $400  it  will  pay  well  to  spend  in  fuel  and  labor  $4  per 
night,  or  one  per  cent  on  the  value  of  the  crop  to  insure  its  safety.  In  the 
orange  region  of  southern  California  it  is  not  usual  to  have  more  than  two  or 
three  nights  in  a  season  when  the  fruit  is  in  danger.  But  even  if,  as  in  the 
present  season,  the  period  of  cold  is  more  extended,  will  it  not  pay  to  expend  at 
least  as  much  as  one  pays  for  his  irrigating  water  to  secure  the  safe  maturing  of 
a  crop  it  has  cost  bim  a  year's  labor  and  heavy  expense  to  produce? 

The  conclusion  is  obvious  that  we  have  only  to  provide  for  the  insurance  of 
this  sort  of  property  exactly  as  we  would  in  the  case  of  that  liable  to  destruction 
by  fire,  to  be  enabled  to  follow  the  business  of  orange  and  lemon  growing  with 
the  certainty  of  having  perfect  fruit  to  market  at  the  season's  end. 

While  the  practicability  of  protecting  our  orchards  from  frost  seems  estab- 
lished, the  problem  of  the  most  economical  and  scientific  means  of  accomplish- 
ing this  is  probably  yet  to  be  solved.  However  well  the  wire  baskets  may 
serve  us  now,  there  doubtless  will  be  improved  methods  for  burning  coal,  and 
even  other  material  may  be  found  that  will  serve  the  purpose  better,  and  while 
wet  straw  seems  at  present  to  be  the  most  available  for  smudges,  doubtless, 
when  the  need  is  made  known,  chemists  will  find  some  vapor-producing  mate- 
rial more  compact,  efficient  and  economical.  Hence  we  recommend  that  the 
Club  appoint  a  permanent  committee  to  continue  these  investigations. 
Beepectfully  submitted, 

J.   H.  fiXKD, 

E.  W.  Holmes, 
£.  Ij.  KoetIbem, 

£.   A.   ZUMBRO, 

J.  H.  Martin. 

The  following  letter  of  Mr.  B.  W.  Holmes,  president  of  the  Brocton 
Square  (Riverside)  Association,  for  preventing  injury  from  frost,  gives 
the  results  of  some  experiments  made  in  November,  1896,  at  the 
same  place,  in  which  the  damp  smudge  appeared  to  give  the  best 
results : 
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ORCHABD  PBOTECTION. 

Impremons  of  a  praeUecU  orehardist  regarding  the  estp&riment$  made. 

Editor  Pbbss:  By  reqaest  of  several  who  were  present  at  the  experiments  made 
upon  the  Meacham  Banch,  I  give  you  my  impressions  regarding  the  various  tests 
of  frost  protection  there  made.  I  have  had  little  opportunity  to  consult  with 
others,  and  the  opinions  I  may  express  are  personal  and  such  as  are  hastily 
formed  from  observation  of  the  tests.  The  community  is  under  obligation  to 
the  Meacham  Brothers  for  affording  an  opportunity  to  study  the  different 
methods  advocated  for  securing  frost  protection.  They  had  arranged  several 
rows  of  pots  containing  crude  oil,  over  which  were  stretched  wire  netting,  upon 
which  was  spread  wet  straw.  Barrels  of  water  were  located  conveniently,  so  as 
to  keep  the  straw  moistened.  Upon  another  section  of  the  orchard  were  rows 
of  suspended  wire  baskets,  each  containing  about  10  pounds  of  coal.  There  were 
apparently  about  twenty  of  these  to  the  acre.  In  another  row  was  an  experi- 
ment with  wet  baled  straw,  in  which  fire  was  started  by  pouring  kerosene  upon 
it.  Near  this  was  a  quantity  of  wet  peat,  ignited  in  the  same  way  and  used  in 
connection  with  moistened  straw. 

The  experiments  made  with  the  coal  baskets  have  been  so  often  described 
that  no  detailed  reference  is  required.  They  were  set  on  fire  at  about  5  o'clock, 
and  were  still  burning  at  8:30,  without  having  required  any  special  attention. 
The  heat  generated  did  not  appreciably  affect  the  temperature  of  the  orchard, 
and  the  smoke  was  much  less  dense  than  that  given  off  by  the  other  fires. 
This  is  the  method  most  easily  handled,  and  by  the  saving  of  labor  and  defl- 
niteness  of  expense  involved  is  most  attractive  to  the  orchardist  who  depends 
entirely  upon  his  own  exertions  at  the  critical  time.  I  am  inclined  to  believe 
that  a  much  larger  number  of  baskets  is  required  if  these  baskets  are  to  be  used 
alone.  Whether  the  larger  use  will  not  involve  expense  equal  to  the  other 
plans  is  a  question.  I  think  that  it  would  be  better  not  to  increase  the  number, 
but  to  use  them  in  conjunction  with  some  steam-producing  appliance. 

The  oil  pots  blazed  up  hotly  when  set  going,  and  the  flame,  filtered  through 
the  dense  moist  straw  or  manure,  set  afloat  a  white  cloud  that  drifted  low 
through  the  orchard,  and  remained  suspended  among  the  trees  until  it  had 
floated  a  long  distance  to  leeward.  Of  the  value  of  this  method  there  can  be  no 
question;  but  the  labor  involved  in  keeping  the  straw  properly  wet,  the  pots 
from  boiling  over,  or  the  fire  from  going  out,  is  considerable.  It  is,  also,  in 
spite  of  the  fact  that  the  straw  served  as  a  filter  and  held  an  immense  propor- 
tion of  the  lampblack,  a  dirty  method  for  those  engaged  in  the  work. 

The  wet  baled  straw,  while  furnishing  a  less  amount  of  heat  and  steam,  required 
comparatively  little  attention.  It  is  the  cheapest  of  the  three  referred  to,  as  the 
straw  or  stable  bedding  is  not  expensive,  and  if  unused  is  worth  all  it  costs  as  a 
fertilizer.  Nearly  every  ranch  affords  the  means  for  such  a  fog-producing  method, 
and  those  who  are  deterred  from  assisting  in  a  general  effort,  on  account  of  the 
expense,  are  likely  to  give  this  a  trial. 

The  experiment  with  the  peat  seemed  to  me  hardly  as  satisfactory;  but  some 
better  way  of  using  it  may  be  devised.  It  struck  me  that  when  saturated  with 
water  it  is  hardly  more  inflammable  than  a  wet  sponge,  and  that  it  could  not  be 
used  the  same  as  the  wet  straw,  which  smolders  away  even  when  thoroughly 
dampened.  The  cloud  of  moisture  and  smoke  drifted  for  a  mile  or  more  down 
the  valley,  and  showed  no  disposition  to  rise,  as  is  the  case  when  hot  fires  have 
been  built. 

The  temperature  in  the  orchard  was  not  raised  as  much  as  I  anticipated  by  the 
numerous  fires,  and  this  was  at  first  discouraging.  There  was  one  point  brought 
out,  however,  that  deserves  to  be  considered  before  one  concludes  that  the 
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experimentB  failed  of  the  saooesB  desired.  And  I  am  inclined  to  think  those 
who  are  best  posted  in  these  matters  will  say  that  this  point  is  the  one  apon 
which  we  may  base  our  hope  of  saocess. 

I  f oand  the  trees  in  the  center  of  the  grove  fairly  dripping  with  moisture. 
Calling  attention  to'this  as  an  evidence  of  the  good  accomplished,  a  friend  urged 
me  to  examine  the  trees  outside  of  the  area  of  the  fires.  I  f  oond  that  10  rods 
distant,  and  not  in  the  line  of  the  drifted  smoke,  there  was  also  moisture  upon 
the  foliage.  But  immediately  upon  reaching  my  own  grove,  a  mile  distant^  ten 
minates  later,  and  before  sunrise,  I  found  the  foliage  everywhere  absolutely  dry. 
The  mercury  had  not  been  raised  in  the  grove  appreciably  by  the  many  fires, 
but  the  question  immediately  occurred  to  me  that  I  had  discovered  a  result 
which  might  promise  us  security.  If  the  thermometer  had  indicated  32®  instead 
of  40®,  and  the  general  conditions  were  such  as  to  send  it  to  26®  without  the  use 
of  the  steam  smudge,  would  not  the  presence  of  all  this  immense  quantity  of 
moisture  in  the  atmosphere,  produced  by  these  local  causes,  so  nullify  the  effects 
of  the  general  condition  as  to  preserve  the  tenderest  fruit  and  foliage  from 
freezing?  I  think  it  would.  If  not,  then  I  am  inclined  to  believe  that  no 
method  at  our  command  is  of  value. 

I  conclude,  therefore,  that  no  method  is  worth  considering  that  does  not  in- 
clude the  generation  of  steam,  and  that  whether  we  use  coal,  crude  oil,  or  any 
other  fuel,  we  need  to  join  with  it  some  plan  that  shall  fill  the  air  with  moisture. 
This  much  seems  to  me  to  be  demonstrated,  and  I  confess  that  if  this  idea  is  not 
sound  I  am  not  sanguine  of  the  success  of  any  plan  yet  suggested. 

The  coal  baskets  are  the  easiest  worked,  and  why  can  not  a  portion  of  them 
be  so  arranged  by  the  placing  of  wet  straw  or  manure  above  them  upon  a  bit  of 
corrugated  iron  as  to  use  the  coal  in  producing  steam  as  well  as  heat. 

In  spite  of  the  fact  that  the  temperature  was  not  raised  as  much  as  was  antici- 
pated by  the  numerous  fires  at  this  morning's  experiment,  the  impression 
seemed  general  among  those  present  that  much  had  been  gained  by  the  morn- 
ing's work,  and  that  all  that  was  needed  to  secure  success  was  the  united  action 
of  the  growers. 

The  different  conclusions  arrived  at  in  these  two  series  of  experi- 
ments made  at  the  same  place,  and  mainly  by  the  same  persons  are 
probably  in  great  measure  due  to  the  amount  x>f  moisture  present. 
It  is  believed  that  when  the  air  contains  sufiSicient  moisture,  so 
that  the  amount  added,  by  vapor-producing  methods,  will  cause  con- 
densation of  moisture  and  deposit  of  dew  at  a  temperature  above  the 
point  of  injury,  then  that  method  will  be  found  efficient.  This  will 
probably  be  the  case  when  the  difference  •between  the  readings  of  a 
comqion  thermometer  with  a  dry  bulb  and  one  with  the  bulb  covered 
with  a  thin  layer  of  moist  muslin  is  but  8^  or  4^.  The  coal  baskets 
will  prove  the  more  efficient  the  greater  the  difference  between  the 
temperature  of  the  air  6  feet  above  the  ground  and  at  the  tree  tops. 
Unless  the  temperature  at  the  height  of  the  tree  tops  is  2^  or  3° 
wanner  than  at  the  height  of  the  lower  limbs  little  benefit  is  to  be 
expected.  The  smaller  the  fires  and  the  greater  number  to  the  acre, 
the  greater  the  protection  for  the  same  amount  of  fuel. 

IV.  DBAININa  THE  COLD  AIB  FBOM  THE  BBQION  NBBDINO  PBOTBCTION. 

Mr.  J.  E.  Gutter,  in  the  Riverside  Press  of  January  18,  1896,  pub- 
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lished  several  articles  on  the  subject  of  "  Frost  Protection."  In 
these  articles  he  called  attention  to  the  fact  that  on  frosty  nights  the 
radiation  cools  the  air  near  the  surface,  which  increases  its  density 
and  causes  it  to  flow  down  the  hillside  and  through  the  valley  in  a 
manner  similar  to  the  flow  of  water  on  sloping  surfaces.  This  cold 
air  collects  in  the  lowest  portion  of  the  valley  and  slowly  submerges 
the  trees,  frequently  causing  killing  frost  in  such  a  location,  while  no 
injury  results  to  the  trees  on  the  surrounding  hills.  He  suggests 
warming  the  air  by  large  bonfires.  This  may  be  feasible.  Such  fires 
should  be  placed  at  the  lowest  portion  of  the  valley.  They  will  draw 
into  them  the  cold  air  near  the  surface,  which  will  then  be  heated  and 
pass  upward,  thus  keeping  up  a  continuous  draft  of  the  cold  air 
toward  the  fire.  It  is  very  doubtful  if  better  protection  might  not 
be  obtained  by  the  expenditure  of  the  same  fuel  in  small  smudge  fires. 
Air  drainage, — ^It  may  be  possible,  in  many  instances,  to  perma- 
nently remove  or  greatly  diminish  the  danger  arising  from  the  flow 
of  cold  air  down  the  hillside  into  the  valley  by  constructing  wind- 
breaks, so  placed  as  to  drain  off  this  cold  air  from  the  locality.  The 
breaks  could  be  in  the  form  of  a  high,  closed  fence  or  levee.  Pre- 
ferably there  should  be  a  levee  4  or  6  feet  high,  with  the  ditch  on  the 
side  next  the  hill,  into  which,  if  possible,  water  should  be  turned. 
On  the  top  of  the  levee  a  closed  fence  should  be  placed.  The  evapo- 
ration of  the  water  from  the  stream  would  tend  to  raise  the  dew-point 
of  the  air.  The  levee  should  be  so  placed  along  the  slope  near  its 
base  as  to  intercept  the  cold  air  and  lead  it  beyond  or  around  the 
orchard.  It  should  have  a  continuous  slope  downward,  the  steeper 
the  better,  so  that  the  cold  air  will  not  overflow  it. 

V.  MIXING  THB  AIB  SO  AS  TO  PBBVENT  THB  GOLD  AIB  FBOM  SINKINa 

TO  THB  SI7BFAOE. 

While  many  of  the  preceding  methods  depend  partly  on  this  prin- 
ciple for  their  success,  the  writer  is  not  familiar  with  any  process 
which  depends  solely  upon  it. 

WHEN  AND  HOW  TO  PROTECT. 

• 

The  experience  of  the  past  two  seasons  has  shown  that  forecasts  of 
sudden  and  decided  changes  in  temperature  over  a  large  territory  are 
among  the  most  accurate  made  by  the  Weather  Bureau ;  consequently, 
it  is  reasonable  to  expect  that,  if  suitable  arrangements  are  made, 
warnings  may  be  received  of  those  otherwise  unexpected  cool  waves 
which  will  result  in  frost.  There  are  instances,  however,  when  the 
general  forecasts  of  the  Weather  Bureau  can  not  be  expected  to  be 
sufficiently  specific  to  provide  for  the  different  conditions  that  may 
prevail  in  various  sections.  The  temperature  frequently  remains  for 
several  days  near  the  critical  point,  and  a  change  of  a  very  few  degrees 
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or  a  local  clearing  or  clouding  of  the  sky  will  canse  or  prevent  injury. 
Again,  the  conditions  in  certain  localities  are  such  as  to  make  them 
more  sasceptible  to  frost  than  the  surrounding  region.  Prof.  Willis  L. 
Moore,  Chief  of  the  Weather  Bareau,  states  that,  while  forecast  offi- 
cial in  Wisconsin,  he  observed  that  a  frost  occurring  immediately 
after  a  rain  was  not  as  injurious  as  when  the  ground  and  plants  were 
dry.  It  is  therefore  necessary  that  the  orchardist  and  gardener  be 
able  to  judge,  at  times,  for  themselves  when  danger  from  frost  is 
imminent.  For  this  purpose  they  should  be  provided  with  a  wet  and 
dry-bulb  hygrometer,  by  which  can  be  determined  the  dew-point  of 
the  air  or  the  temperature  at  which  condensation  takes  place.  Con- 
densation checks  the  fall  in  temperature  on  frosty  nights.  Frequent 
observations  with  this  instrument  should  be  made. 

If,  in  the  afternoon,  the  dew-point  is  near  the  critical  temperature, 
arrangements  should  be  made  for  protecting,  if  necessary.  If,  at  a 
later  hour,  the  dew-point  is  constant  or  lower,  the  sky  clear  or  clear- 
ing, and  the  air  calm,  it  is  reasonable  to  expect  that  the  temperature 
will  fall  to  the  dew-point  during  the  night.  The  efforts  to  protect 
should  be  based  on  this  dew-point.  If  it  merely  approximates  the 
danger  point  (and  no  warning  of  more  severe  temperatures  has  been 
received)  but  little  protection  will  be  necessary,  and  action  may  be 
delayed  until  the  temperature  is  but  a  few  degrees  above  the  danger 
point.  However,  if  the  dew-point  be  several  degrees  below  that  liable 
to  cause  injury,  or  if  it  be  falling,  or  if  a  change  for  the  colder  be 
anticipated,  efforts  to  protect  should  be  undertaken  earlier. 

No  specific  rules  of  universal  application  can  be  laid  down  for  the 
guidance  of  the  orchardist  in  protecting.  The  same  intelligent,  care- 
ful, and  systematic  attention  must  be  given  to  this  as  to  other  sub- 
jects in  order  to  secure  success.  However,  the  following  suggestions 
may  be  of  value: 

Irrigation  should  be  resorted  to  wherever  possible.  The  water 
should  be  turned  on  during  the  day  preceding  the  night  when  frost 
is  anticipated,  and  continued  until  the  ground  is  thoroughly  saturated. 

In  all  sections  it  is  recommended  that  either  coal  baskets  or  some 
method  for  causing  a  wet  smudge  be  used,  or  a  combination  of  both. 
The  coal  baskets  will  be  found  the  more  useful  the  drier  the  air  and 
the  greater  the  excess  in  temperature  30  or  40  feet  from  the  ground, 
and  near  the  surface,  as  previously  explained.  For  the  purpose  of 
determining  this  difference  a  pole  40  or  60  feet  long,  with  halyards, 
like  a  flagstaff,  should  be  erected  in  the  orchard.  Two  thermometers 
should  be  attached  to  the  halyards,  so  that  as  one  thermometer  is  at 
the  top  of  the  pole  the  other  is  6  feet  from  the  surface.  Leave  one 
thermometer  at  the  top  of  the  pole  for  five  minutes ;  read  the  one 
near  the  ground,  and  then  quickly  lower  and  read  the  one  which  has 
been  at  the  top  of  the  pole. 
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When  coal  baskets  are  used  there  should  be  from  twenty-five  to  fifty 
of  them  used  to  the  acre,  depending  on  the  intensity  of  cold,  as  de- 
scribed in  the  reports  of  the  Horticaltnral  Club  of  Riverside.  When 
the  wet  smudge  is  used  probably  better  results  would  be  obtained  from 
a  combination  of  the  portable  and  stationary  smudges.  About  one 
wagon  or  sled,  arranged  for  carrying  an  evaporating  fire,  should  be  pro- 
vided for  each  60  acres.  In  addition,  stationary  smudges  shduld  be 
used.  The  material  for  these  should  be  prepared  at  the  beginning 
of  the  frost  season,  and  kept  in  readiness  for  immediate  use.  Sacks 
filled  with  wet  manure  or  bales  of  wet  straw  should  be  distributed 
throughout  the  orchard.  The  sacks  should  be  placed  about  76  feet 
apart  each  way,  at  the  intersection  of  the  rows.  A  smaller  number 
of  bales  of  straw  is  necessary.  Hollows  should  be  dug  a  few  inches 
deep  about  each  sack,  and,  if  the  sack  becomes  dry  before  being  used, 
a  pailful  of  water  should  be  poured  upon  it,  which  will  remain  in  the 
hollow  near  the  sack  until  absorbed.  Whenever  it  is  necessary  to 
protect,  an  effort  should  be  made  to  determine  the  direction  in  which 
the  air  drifts  across  the  orchard.  And  the  sacks  should  be  fired  in 
rows  running  across  this  draft,  beginning  at  the  windward  side  of  the 
orchard.  Every  sack  should  be  ignited  in  the  row,  but  only  every 
third  or  fourth  row  need  be  burned  the  first  night ;  the  remainder 
being  available  for  succeeding  nights.  In  setting  fire  to  the  sacks, 
one  man  goes  ahead  with  a  pail  of  coal-oil  and  pours  about  a  pint  on 
each  sack ;  and  another,  following  with  a  torch,  ignites  them.  In 
the  meantime,  portable  smudges  should  be  put  in  operation.  They 
should  be  driven  forward  and  back  between  the  rows  and  across  the 
drafts  of  the  orchard.  It  is  very  desirable,  if  not  essential,  that  the 
superintendent  take  a  position  on  the  most  elevated  point  at  his  com- 
mand, as  the  top  of  a  house,  barn,  water  tank,  or  windmill,  from 
which  he  can  observe  the  drift  of  the  smudge  and  direct  the  move- 
ment of  the  teams  so  as  to  secure  the  best  results. 

It  would  seem  that  these  precautions  should  be  sufficient  to  prevent 
injury,  unless  it  be  in  the  case  of  narrow  valleys,  where  the  cold  air 
from  the  unprotected  hillsides  displaces  that  which  has  been  kept 
warm,  and,  should  wind-breaks  be  found  successful  in  removing  this 
danger,  it  is  believed  there  are  few,  if  any,  localities  where  injury 
could  not  be  avoided. 

It  is  evident  that  in  attempting  to  protect  one  ranch  the  owner  will, 
in  a  measure,  protect  his  neighbor ;  therefore,  if  some  arrangements 
for  cooperation  among  the  individuals  in  the  same  locality  were 
made,  the  greatest  protection  could  be  provided  at  the  minimum 
expense.  By  such  a  cooperation  of  all  the  residents  of  the  valley,  a 
system  of  wind-breaks  or  air-drainage  dikes  (if  found  valuable)  could 
be  laid  out  and  built  in  such  a  manner  as  to  result  in  the  greatest 
general  good  at  the  least  cost.    Arrangements  could  be  made  which 
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would  insure  the  distribution  of  a  frost  warning  from  the  Weather 
Bureau  throughout  the  entire  district.  Some  person,  provided  with 
a  telephone,  oould  receive  the  warnings  from  the  Bureau,  and,  in  turn, 
telephone  them  to  all  others  having  such  instruments.  All  so  receiv- 
ing them  could  display  the  frost  signal,  and  thus  the  warning  would 
be  quite  generally  distributed. 

Some  person  in  each  locality  or  ranch  should  study  the  peculiari- 
ties of  his  section.  He  should  thoroughly  understand  the  conditions 
under  which  frost  forms,  should  provide  himself  with  a  psychrometer, 
and  take  frequent  observations  on  afternoons  and  evenings  when  frost 
is  imminent,  and  thus  be  enabled  to  give  the  most  accurate  informa- 
tion possible  to  his  locality.  He  would  probably  thus  prevent  the 
inconvenience  and  expense  connected  with  protecting  when  the  local 
conditions  or  a  change  in  the  weather  were  such  as  would  prevent  a 
frost,  and  also  he  would  be  likely  to  discover  times  when  frost  was 
imminent  when  no  warning  had  been  received.  This  man,  indeed, 
should  be  a  sort  of  local  expert  on  this  subject. 

The  following  notes  on  frost  protection  for  citrus  fruits  at  River- 
side (being  the  individual  reportof  Mr.  E.  L.  Koethen,  a  member  of  the 
Frost  Protection  Committee  of  the  Riverside  Horticultural  Club,  and 
secretary  of  the  club)  are  so  excellent  and  many  are  of  such  general 
application  that  their  perusal  is  recommended  to  all : 

1.  In  sections  where  there  is  a  prevailing  draft  from  a  certain  direction  con- 
centrate the  fires  somewhat  on  the  sides  of  the  orchard  from  which  this  draft 
comes. 

2.  Some  fires  are  needed  all  through  the  orchard. 

3.  If  the  thermometer  shonld  reach  26^  by  midnight,  start  firing  at  once.  If 
smndging  is  to  be  depended  apon,  yon  should  commence  mach  earlier.  To  be 
safe,  commence  lighting  baskets,  if  the  thermometer  should  reach  26^,  as  late 
as  4:30  a.  m. 

4.  Ripe  fruit  will  stand  more  frost  than  green  fruit.  The  above  figures  are 
for  ripe  fruit. 

5.  The  thermometer  may  go  many  degrees  below  the  dew-point  in  our  climate 
on  nights  when  the  sun  sets  behind  heavy  clouds. 

6.  A  mild  day  may  be  followed  by  a  night  of  danger  to  citrus  fruits. 

7.  The  upper  strata  of  air  are  much  warmer  than  the  lower.  Eight  degrees 
was  found  to  be  the  variation  between  a  height  of  6  and  50  feet,  upon  different 
tests. 

8.  Thermometers  should  be  tested  each  year,  and  the  variation  noted  and 
accounted  for  at  each  reading. 

9.  A  good  way  to  secure  uniform  observations  and  the  extreme  temperature 
to  which  fruit  is  exposed  is  to  fasten  the  thermometer  to  a  slender  stick  5  feet 
long  and  place  in  the  space  between  four  trees,  away  from  buildings  or  other 
shelter. 

10.  Every  grove  has  some  spot  that  is  colder  than  any  other.  Find  it,  and  be 
governed  in  your  firing  by  the  temperature  there,  keeping  your  eye  on  other 
locations,  for  the  coldest  place  may  shift  around. 

11.  A  thermometer  that  registers  too  high  may  be  very  comforting,  but  is  not 
a  safe  guide  unless  allowance  is  made  for  correction. 
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12.  A  thermometer  that  registers  too  low  may  cost  anneoessary  labor,  expense, 
and  anxiety. 

13.  We  need  a  united  system  of  general  alarm  for  localities  throughout  the 
valley. 

14.  Wind-breaks,  parallel  with  the  flow  of  the  cold  stream  of  air,  are  an  ad- 
vantage in  preventing  radiation. 

15.  Gose  wind-breaks,  at  right  angles  to  the  flow  of  cold  air,  will  form  dams 
and  cause  low  temperatures  on  the  upper  side.  A  block  of  large  trees  below  a 
block  of  smaller  trees  will  have  the  same  effect. 

16.  Coal  baskets  or  brush  fires  concentrated  at  these  points  will  drain  off  the 
cold  air. 

17.  Flow'ing  water  is  a  help,  but  is  not  sufficient  in  itself. 

18.  Clean  culture  and  a  wet  surface  is  the  best  condition  of  the  soil  in  times 
of  danger. 

19.  Trees  that  had  suffered  from  lack  of  water  at  any  time  during  the  develop- 
ment of  the  crop  and  those  with  a  dry  surface  of  the  soil  suffered  greatest  injury. 

20.  Firing  of  any  kind  is  beneficial  if  there  is  enough  of  it. 

21.  The  cost  need  not  be  prohibitive  for  good  results. 

22.  Accumulative  firing  is  better  than  single-handed. 

23.  A  single  grower  can  succeed  in  saving  his  fruit  with  coal  baskets  if  he  has 
enough  of  them. 

24.  Be  prepared  to  make  more  fires  than  you  will  likely  need.  The  unex- 
pected sometimes  happens. 

25.  No  grower  should  depend  on  his  neighbors  for  heat  or  smudge.  Every 
gap  is  an  injury  to  the  whole.  Besides,  your  neighbors  may  not  locate  their 
fires  so  as  to  do  you  much  good. 

26.  Coal  baskets  can  be  made  for  about  7  cents  each.  The  filling  will  cost 
about  7  cents,  where  bituminous  coal  costs  $10  per  ton,  and  you  should  have 
from  twenty-five  to  fifty  per  acre,  according  to  location  and  size  of  grove. 

27.  A  little  burning  straw  is  a  snare  and  deceit. 

28.  Straw  smudge  should  be  made  from  wet  straw,  should  be  dense,  and  should 
cover  large  areas  to  yield  best  results.  Dry  straw  is  of  little  value,  except  to  help 
burn  that  which  is  very  wet. 

29.  The  efficacy  of  smudging  being  dependent  upon  preventing  radiation  in 
very  dry  climates,  early  lighting  in  such  cases  is  imperative. 

30.  A  little  dry  brush  is  a  great  help  in  burning  very  wet  straw. 

31.  Green  cypress  boughs  create  a  fine  smudge. 

32.  Most  groves  have  a  cold  corner.  Have  some  brush  piles  ready  to  light  at 
the  critical  hour — about  dawn. 

33.  Coal  baskets  should  be  full  at  the  start  Coal  will  not  ignite  readily  in 
replenishing  if  a  good  bed  of  coals  is  not  secured  at  first.  A  reserve  supply  of 
coal  may  be  very  useful  if  the  cold  is  long  continued. 

34.  Coal  baskets  need  less  attention  than  the  smudge. 

35.  Have  plenty  of  help.  The  better  your  fires  are  tended,  the  better  the 
results. 

36.  But  few  employees  can  be  depended  upon  to  look  after  the  details  and 
carry  on  the  work.     Y(tuT  permmdl  attention  is  needed, 

37.  Every  detail  should  be  prepared  beforehand.  There  is  no  time  to  hunt 
up  torches  and  tools  after  the  danger  point  is  reached. 

38.  Oil  fires  will  do  good  work,  but  the  smut  is  objectionable. 

39.  Evaporating  pans  give  no  visible  results. 

40.  An  awning  or  cover  was  found  to  be  of  great  service. 

It  may  be  believed  that  the  trouble  and  expense  neoessary  to  carry 
p 3 
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out  these  plans  are  greater  than  the  benefits  accruing  from  the  pro- 
tection, but  this  seems  hardly  true,  as  a  general  rule.  The  supplies 
needed  in  the  various  methods  are  inexpensive,  straw,  manure,  old 
rubbish,  prunings,  etc.,  being  excellent  materials  for  fuel.  A  few  old 
sacks  and  cheap  sleds  are  the  principal  apparatus.  The  most  essen- 
tial supply  is  water.  Coal  baskets  cost  but  about  10  cents  a  piece, 
and  the  necessary  fuel  for  a  night  costs  but  from  1  to  6  cents,  accord- 
ing to  price  of  coal.  Successful  protection  was  accomplished  during 
several  nights  last  year,  in  many  sections,  at  an  expense  of  less  than 
1  per  cent  of  the  value  of  the  crop.  Really,  the  trouble,  inconven- 
ience, and  labor,  are  practically  the  .only  drawbacks,  while  the  gain 
may  amount  at  times  to  many  thousand  dollars. 


APPENDES:  No.  1. 

THB  USE  OF  THE  SLING  FSTCHROMETER. 

* 

This  instrument  is  a"-  form  of  hygrometer  most  suitable  for  the  use  of  the 
orchardist.  It  consists  of  two  thermometers  fastened  to  the  same  back  and 
arranged  for  whirling.  One  of  the  thermometers  has  its  bulb  covered  with  thin 
muslin,  moistened  with  water.  The  evaporation  of  the  water  about  the  wet 
bulb  lowers  the  temperature  and  causes  this  thermometer  to  read  lower  than 
the  one  with  a  dry  bulb.  From  the  difference  between  these  readings  and  the 
temperature  of  the  air  itself  the  dew-point  can  be  quite  accurately  determined 
from  the  accompanying  table. 

Exposure. — While  the  psychrometer  will  give  quite  accurate  indications,  even 
in  the  bright  sunshine,  yet  observations  so  made  are  not  without  some  error, 
and  where  greater  accuracy  is  desired  the  psychrometer  should  be  whirled  in 
the  shade  of  a  building  or  tree,  or,  as  may  sometimes  be  necessary,  under  an 
umbrella.  In  all  cases  there  should  be  perfectly  free  circulation  of  the  air,  and 
the  observer  should  face  the  wind,  whirling  the  psychrometer  in  front  of  his 
body.  It  is  a  good  plan,  while  whirling,  to  step  back  and  forth  a  few  steps,  to 
further  prevent  the  presence  of  the  observer's  body  from  giving  rise  to  errone- 
ous observations. 

The  xMt  1nUb,—lt  is  important  that  the  muslin  covering  for  wet  bulb  be  kept  in 
good  condition.  The  evaporation  of  the  water  from  the  muslin  leaves  always 
in  its  meshes  a  small  quantity  of  solid  material,  which,  sooner  or  later,  some- 
what stiffens  the  muslin,  so  that  it  does  not  readily  take  up  water.  This  will  be 
the  case  if  the  muslin  does  not  readily  become  wet  after  being  dipped  in  water. 
On  this  account  it  is  desirable  to  use  as  pure  water  as  possible,  and  also  to  renew 
the  muslin  from  time  to  time.  New  muslin  should  always  be  washed  to  remove 
sizing,  etc.,  before  used.  A  small  rectangular  piece,  wide  enough  to  go  about 
one  and  one-third  times  around  the  bulb  and  long  enough  to  cover  the  bulb  and 
that  part  of  the  stem  below  the  metal  back,  is  cut  out,  ihoraugJUy  wetUd  in  clean 
water,  and  neatly  fitted  around  the  thermometer.  It  is  tied  first  around  the 
bulb  at  the  top,  using  a  moderately  strong  thread.  A  loop  of  thread  to  form  a 
knot  is  next  placed  around  the  bottom  of  the  bulb,  just  where  it  begins  to  round 
off.  As  this  knot  is  drawn  tighter  and  tighter  the  thread  slips  off  the  rounded 
end  of  the  bulb  and  neatly  stretches  the  muslin  covering  with  it,  at  the  same 
time  securing  the  latter  at  the  bottom. 

To  nMke  an  obsenation.^The  so-called  wet  bulb  ia  thoroughly  saturated  with 
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water  by  dipping  it  into  a  small  cup  or  wide-mouthed  bottle.  The  thermome- 
ters are  then  whirled  rapidly  for  fifteen  or  twenty  seconds;  stopped  and  quickly 
read.  A  mental  note  of  the  readings  is  made,  when  they  are  again  whirled  and 
read.  This  will  be  continued  until  the  wet-bulb  thermometer  ceases  to  fall, 
when  the  readings  of  the  two  thermometers  should  be  read  and  recorded.  If 
the  wet  thermometer  should  read  32^,  the  whirlings  and  frequent  readings 
should  be  continued  for  a  considerable  time,  to  be  certain  that  a  further  fall  will 
not  take  place.  The  freezing  of  the  water  at  32°  causes  the  fall  to  be  checked 
for  a  short  time. 

Subtract  the  reading  of  the  wet  thermometer  from  that  of  the  dry.  Find  this 
difference  in  the  line  at  the  top  of  the  table.  The  dew-point  will  be  found  at 
the  intersection  of  the  column  beneath  with  the  line  which  has  the  proper  dry 
thermometer  reading  at  the  left. 

First  example. 

Dry-bulb  thermometer 56® 

Wet-bulb  thermometer 44 

Difference 11 

■ 

Dew-point  from  table 30 

Second  example. 

Dry-bulb  thermometer 43° 

Wet-bulb  thermometer 38 

Difference 5 

Dew-point  from  table,  between  28°  and  33°,  about SO 
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APPENDIX  NO.  2. 


INJURIOUS  TEMPERATURES. 


Table  of  temperatures  at  which  the  following  plants  are  liable  to  receive  injury 
from  frost,  compiled  from  information  received  from  horticulturists,  orchardists, 
and  gardeners  throughout  the  entire  Pacific  coast. 

The  temperatures  given  are,  as  nearly  as  possible,  those  of  the  air  in  contact 
with  the  plant  itself. 


Plants  or  fraitt. 


Almonds 

ApplM 

Aprloots  

Aaparagns 

Bananas  

Barley  

Beans 

Beets 

Cabbage  

Cantaloupes 

CanUflower 

Celery 

Caonmbers 

Cvmlings  or  sqnash . . . . 

Flowers* 

Grapes  , 

Grape  fratt 

Lemons 

Lettnoe 

Mandarins 

Oats 

Okra  

OUves 


d 
.o 


S7 
80 
89 
81 


8S 


81 
81 
81 
81 
30 
30 


81 
81 


80 


i 

I 

2 

d 


o 

80 
89 
81 
89 
81 
89 
81 


88 


81 
81 
81 
81 
81 
81 


81 


81 


«0 

I 


8 

8 


80 
80 
88 
89 

88 


86 
80 
86 
81 


81 
81 
81 
80 
81 
81 


81 


81 


85 

15-87 

80-81  I 

80-87  I 

88  ' 

88, 

ao, 

80, 
88 
88  I 
88  I 
18-88  I 
88 


81 

8 


Plants  or  fruits. 


Onions  

Orangest 

Parsnips  

Peaohes  

Pears 

Peas 

Plums 

Potatoes: 

Irish 

Sweet 

Prunes 

Badlshes 

Slirubs.  roses,  or  trees. 

Spinaon 

Strawberries 

Tangerines 

Tomatoes 

Turnips  

Watermelons 

Wheat 

Walnuts,  BngUsh 


1 

.o 
d 


e 


80 


80 
88 
89 
80 

80 
81 
80 


86-80 


88 
81 
81 
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LETTER  OF  TRANSMITTAL. 
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U.  S.  Department  op  Agriculture, 

Weather  Bureau, 
Washington^  D.  C,  January  9,  1899. 
Hon.  James  Wilson, 

Secretary  of  Agriculture^   Washington^  D.  C. 

Sir:  I  have  the  honor  to  transmit  herewith  report  of  the  proceed- 
ings of  the  Convention  of  Weather  Bureaa  officials  held  at  Omaha, 
Nebr.,  October  13-14,  1898,  and  recommend  its  publication  as  a  bulle- 
tin of  the  Weather  Bureau,  the  edition  to  be  6,000  copies. 

Occasional  conventions  of  Weather  Bureau  officials  are  regarded 
as  very  important,  as  they  afford  opportunity  for  exchange  of  views, 
discussion  of  methods,  and  means  for  advancing  Weather  Bureau 
work. 

Conventions  have  been  held  in  former  years,  but  heretofore  the 
subjects  discussed  have  been  restricted  to  the  Climate  and  Crop  fea- 
ture of  the  service.  The  deliberations  of  the  Convention  of  1898, 
however,  were  of  wider  scope,  covering  practically  the  entire  range  of 
work  of  the  Bureau,  and  the  attendance  was  more  than  double  that 
of  any  previous  meeting. 

The  accompanying  report  contains  many  papers  of  exceptional 

merit  that  will  prove  of  interest  and  value  to  the  employees  of  the 

Bureau,  as  well  as  to  its  large  corps  of  voluntary  observers,  forecast 

displaymen,  and  climate  and  crop  reporters. 

Very  respectfully, 

Willis  L.  Moore, 

Chief  U.  S,   Weather  Bureau. 

Approved : 

James  Wilson 

Secretary, 
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CONVENTION  OF  WEATHER  BUREAU  OFFICIALS. 


The  beneficial  reenlts  following  the  numeroas  conventions  of  State 
Weather  Service  Directors  held  in  former  years  were  so  pronounced 
as  to  convince  the  Secretary  of  Agriculture  that  such  gatherings 
should  not  only  be  held  at  stated  intervals,  but  that  those  partici- 
pating therein  should  not  be  restricted  to  officials  engaged  in  any 
special  line  of  work,  as  had  been  the  case  with  the  American  Associa- 
tion of  State  Weather  Services.  He  therefore  decided  that  the  scope 
of  such  conventions  should  be  so  extended  as  to  cover  a  wider  range 
of  service,  and  that  the  regular  station  officials,  as  well  as  those  in 
charge  of  Climate  and  Crop  Service  centers,  should  have  the  privi- 
lege of  taking  part  in  the  proceedings  and  profiting  by  the  experience 
to  be  gained  by  future  conferences  of  this  character.  Accordingly 
on  April  5,  1898,  the  Chief  of  the  Weather  Bureau  announced  that 
a  convention  of  Weather  Bureau  officials  would  be  held  at  Omaha, 
Nebr.,  probably  in  July  or  August,  1898,  and  that  the  proposed  con- 
vention would  meet  in  place  of  the  American  Association  of  State 
Weather  Services.  The  hope  was  expressed  that  every  section 
director  and  local  forecast  official  would  be  present,  and  that  as  many 
regular  station  officials  and  assistants  as  could  do  so  would  attend. 
This  announcement  was  received  with  general  favor,  several  from  the 
Central  Office,'  and  nearly  all  of  the  prominent  station  officials 
expressing  their  intention  to  be  present. 

Brief  papers  on  topics  of  interest  to  the  Bureau,  both  in  its  prac- 
tical work  and  upon  scientific  subjects,  were  invited,  and  the  many 
valuable  and  interesting  contributions  which  form  a  part  of  this 
report  show  how  ready  the  employees  of  the  Bureau  are  to  respond 
when  called  upon  to  write  upon  such  topics. 

In  the  announcement  of  April  5  it  was  not  possible  to  fix  the  date 
of  the  meeting,  but  at  that  time  it  was  expected  that  it  would  be 
called  about  midsummer.  Later,  however,  it  was  deemed  advisable 
to  postpone  the  meeting  until  after  the  close  of  the  crop  season.  It 
was  not  until  September  15,  that  October  12  and  13  were  determined 
on  as  the  dates  of  the  meeting,  but  the  uncertainty  as  to  the  time  of 
the  Convention  in  no  way  interfered  with  making  such  preliminary 
arrangements  as  were  necessary,  nor  did  it  tend  to  decrease  interest 
in  the  Convention  on  the  part  of  the  officials'of  the  Bureau. 

By  October  1  nearly  seventy  Weather  Bureau  officials  had  made 

arrangements  to  be  present  at  the  Convention,  authority  to  attend 
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having  been  granted  upon  condition  that  station  daties  would  be 
performed  without  additional  expense  to  the  Bureau  during  the  period 
of  their  absence,  and  that  the  journey  from  their  respective  stations 
to  Omaha  and  return  should  be  made  without  cost  to  the  Bureau  for 
transportation,  personal  or  other  expenses.  That  so  large  a  number 
of  officials  should  attend  the  Convention  under  these  unavoidably 
hard  conditions,  is  a  matter  which  forcibly  illustrates  their  zeal  and 
their  fidelity  to  the  great  work  on  which  they  are  engaged. 

The  tlommercial  Club  of  Omaha  kindly  placed  its  elegant  rooms  in 
the  Board  of  Trade  Building  at  the  disposal  of  the  Convention,  and 
a  number  of  hotels  conceded  special  rates  to  its  members. 

The  Chief  of  Bureau  appointed  as  executive  committee  to  arrange 
such  details  as  are  incident  to  gatherings  of  this  character,  the  fol- 
lowing :  I.  M.  Cline,  M.  D.,  Galveston,  Tex.,  Chairman;  Prof.  Cleve- 
land Abbe,  Washington,  D.  C. ;  H.  C.  Bate,  Nashville,  Tenn.;  James 
Berry,  Washington,  D.  C. ;  F.  H.  Brandenburg,  Denver,  Colo. ;  J.  War- 
ren Smith,  Columbus,  Ohio ;  T.  F.  Townsend,  Philadelphia,  Pa. 

As  the  officers  of  the  Transmississippi  and  International  Expo- 
sition had  planned  to  conduct  peace  jubilee  exercises  on  October  12, 
which  were  participated  in  by  the  President  of  the  United  States, 
members  of  his  Cabinet,  officers  of  the  Army  and  Navy,  and  other 
high  civil  officials,  among  whom  was  the  Chief  of  the  Weather  Bureau, 
who  was  to  open  and  preside  over  the  Convention,  it  finally  became 
necessary  to  defer  the  meeting  until  October  13,  which  necessitated  a 
continuance  of  its  sessions  on  the  14th. 

The  various  States  and  the  District  of  Columbia  were  represented 
by  the  officials  of  the  Bureau  as  follows  : 

» 

Alabama.^F.  P.  Chaffee,  Montgomery. 

Arkantas, — £.  B.  Richards,  Little  Rock ;  Wayland  Bailey,  Fort  Smith. 

OaUfomia. — W.  H.  Hammon,  San  Francisco ;  G.  E.  Franklin,  Los  Angeles. 

Colorcido, — F.  H.  Brandenburg,  Denver ;  J.  P.  Slaughter,  Pueblo. 

Diitrictof  Columbia,— Vrof,  Willis  L.  Moore,  Prof.  Cleveland  Abbe,  Prof.  H. 
A.  Hazen,  James  Berry,  E.  B.  Calvert. 

Florida. — A.  J.  Mitchell,  Jacksonville. 

Georgia, — J.  B.  Marbury,  Atlanta. 

iUt'n^.— H.  J.  Cox,  Chicago ;  C.  E.  Linney,  Chicago ;  John  Craig,  Springfield ; 
P.  H.  Smyth,  Cairo. 

Indiana. — C.  F.  R.  Wappenhans,  Indianapolis. 

Iowa, — J.  R.  Sage,  Des  Moines ;  G.  M.  Chappel,  Des  Moines ;  £.  H.  Bowie, 
Dubuque  ;  U.  G.  rursell,  Sioux  City  ;  J.  M.  Sherier,  Davenport. 

Kansas.— T,  B.  Jennings,  Topeka  ;  G.  H.  Noyes,  Topeka  ;  G.  T.  Todd,  Dodge. 

Kentuekff, — G.  E.  Hunt,  Louisville. 

Louisiana, — A.  G.  McAdie,  New  Orleans, 

Maryland. — F.  J.  Walz,  Baltimore. 

MassaehuMtts.^-J ohn  W.  Smith,  Boston. 

Michigan. — C.  F.  Schneider,  Lansing ;  N.  B.  Conger,  Detroit. 

Minnesota. — T.  S.  Outram,  Minneapolis  ;  P.  F.  Lyons.  St.  Paul. 

Missouri.— U.  J.  Hyatt,  St.  Louis ;  A.  £.  Hackett,  Columbia ;  R.  L.  Anderson, 
Hannibal. 

Montana. — £.  J.  Glass,  Helena. 

Nebraska, — L.  A.  Welsh,  Omaha ;  J.  H.  Spencer,  Lincoln  ;  J.  C.  Piercy,  North 
Platte. 

New  Jersey. — E.  W.  McGann,  New  Brunswick. 
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NmD  York. — D.  Cuthbertson,  Buffalo ;  A.  F.  Sims,  Albfiny ;  R.  G.  Allen,  Ithaca. 

North  2)aA»to.~B.  H.  BronBon,  Bismarck. 

Ohio, — E.  A.  Beals,  Cleveland ;  J.  Warren  Smith,  Colnmbos ;  G.  Hass-Hagen, 
Toledo. 

Oregon, — B.  S.  Pague,  Portland. 

P&Mi9ylnania, — T.  F.  Townsend,  Philadelphia. 

South  OoToUna, — J.  W.  Bauer^dolambia. 

South  Dakota.^S.  W.  Glenn,  Huron ;  Q.  B.  Wurt«,  Pierre. 

7Vnn«sM0.~H.  C.  Bate,  Nashville ;  L.  M.  Pindell,  Chattanooga ;  S.  C.  Emery, 
Memphis ;  W.  M.  Fulton,  Enoxville. 

Texas. — I.  M.  Cline,  Galveston ;  H.  H.  Curley,  San  Antonio. 

'  Washingion, — G.  N.  Salisbury,  Seattle. 

WUeorutn.—W.  M.  Wilson,  Milwaukee. 

Wjfoming. — W.  S.  Palmer,  Cheyenne. 

The  Climate  and  Crop  Sections  were  represented  by  voluntary 
observers  from  a  number  of  States,  as  follows : 

Ottlifomia, — N.  W.  Blanchard,  Santa  Paula. 
Colorado. — P.  H.  Boothroyd,  Waterdale;  E.  S.  Turner,  Julesbuig. 
HUnois. — C.  N.  Butt,  Knoxville. 
7(H«».— E.  W.  Calwell,  Sioux  City. 

JTanxM.— M.  B.  Light,  Winfield ;  Martin  Musil,  Ellenwood. 
JfiMowri.— A.  J.  Sharp,  Harrisonville. 
Montana. — M.  H.  Pierce,  Plains. 
Nebraska.— K.  F.  Bethune,  Lincoln. 

New  York. — Dr.  John  W.  Kales,  Franklinville ;  D.  M.  Kinne,  Hoyts  Corners  ; 
J.  Knappenburg,  Mount  Morris. 
Oregon. — B.  E.  Dosch. 
SotUh  Dakota. — G.  A.  Perle,  Flandreau ;  Frank  Williams,  Centerville. 

The  Convention  was  placed  under  great  obligations  to  Mr.  R.  M. 
Reese,  stenographer  to  the  Honorable  Secretary  of  Agriculture,  for 
his  most  valuable  and  efficient  services  in  reporting  its  proceedings. 

Owing  to  limited  time  it  was  not  possible  to  read  at  the  Conven- 
tion all  the  papers  presented,  but  most  of  them  were  read  in  part 
and  are  given  in  this  report,  either  in  full  or  in  part,  as  seemed  most 
proper.  After  the  opening  address  by  Prof.  Willis  L.  Moore,  Chief 
of  Weather  Bureau,  the  following  program  was  taken  up : 

1.  Relation  between  the  Weather  Bureau  and  the  public. — F.  J.  Walz,  Balti- 
more, Md.;  G.  N.  Salisbury,  Seattle,  Wash. 

2.  Forecasts  and  special  warnings: 

[a)  Forecasts  best  calculated  to  aid  maritime  interests  of  the  Great  Lakes; 
method  of  reaching  those  interested. — H.  J.  Cox,  Chicago,  111.;  N.  B. 
Conger,  Detroit,  Mich. 

[b)  Are  the  present  warnings  and  displays  by  flae  and  lantern  the  best  that 
can  be  devised  for  the  Atlantic  and  Gulf  coasts?— John  W.  Smith,  Boston, 
Mass.;  Alex.  G.  McAdie,  New  Orleans,  La. 

[e)  Possibility  of  giving  warnings  of  northers,  cold  waves,  and  heavy  snows 
to  stock  raising  interests  forty-eight  hours  in  advance. — ^F.  H.  Branden- 
burg, Denver,  Colo.;  £.  J.  Glass,  Helena,  Mont. 

[d)  Warnings  of  washouts,  floods,  cold  waves,  and  heavv  snowfalls  for  the 
benefit  of  transportation  companies. — J.  Warren  Smith,  Columbus,  Ohio; 
T.  S.  Outram,  Minneapolis,  Minn. 

[e)  What  classes  are  most  benefited  by  the  forecasts?  Are  they  Just  what 
are  needed?  Are  they  properly  disseminated  and  utilized? — J.  R.  Sage, 
Des  Moines,  Iowa;  H.  C.  Bate,  Nashville,  Tenn. 

[/)  Long  range  forecasts:  Can  they  be  made  with  sufficient  precision  to  be 
of  general  utility? — Prof.  H.  A.  Ilazen,  Washington,  D.  C;  Patrick  Connor, 
Kansas  City,  M!o.;  B.  S.  Pague,  Portland,  Oreg. 

[g)  Forecast  distribution:  Should  the  wording  of  the  forecasts  be  confined 
to  the  vocabulary  of  the  present  logotype  outfit?    Is  it  advisable  to  extend 
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the  vocabulary  of  the  logotype  outfit 7~F.  P.  Chaffee,  Montgomery,  Ala.; 
G.  M.  Chappei,  Des  Moines,  Iowa. 

{h)  River  ana  flood  service. — R.  J.  Hyatt,  8t.  Louis,  Mo.;  L.  M.  Pindell, 
Chattanooga,  Tenn. 

(i)  Should  warning  messages  (Form  1043  C)  be  of  some  distinctive  color  to  » 

more  readily  attract  attention? — S.  W.  Glenn,  Huron,  S.  Dak.;  T.  B.  Jen- 
nings, Topeka,  Kans. 

3.  Paper:  Relation  of  the  Weather  Bureau  to  the  Department  of  Agriculture. — 
E.  B.  Calvert,  Washin^n,  D.  C. 

4.  West  Indian  hurricane  service. — Prof.  Willis  L.  Moore,  Washington,  D.  C. 

5.  Possibilities  of  the  weather  service  on  the  Pacific  coast.  Value  of  Mount 
Tamalpais  observations. — ^W.  H.  Hammon,  San  Francisco,  Cal.;  B.  S.  Pague, 
Portland,  Oreg. 

6.  Paper:  Some  rain-producing  processes. — Prof.  E.  B.  Garriott,  Washington, 
D.  C. 

7.  Relations  with  the  press,  commercial  bodies,  and  scientific  organizations. 
Howjpromoted. — E.  A.  Beals,  Cleveland,  Ohio;  A.  F.  Sims,  Albany,  N.  Y. 

8.  Meteorological  statistics:  How  to  improve  them  that  they  may  meet  the 
needs  of  the  medical  profession,  hydraulic  and  sanitary  engineers,  promoters  of 
irriffationprojects,  etc.,  and  does  the  present  monthly  section  report  meet  such 
needs? — W.  M.  Wilson,  Milwaukee,  Wis.;  E.  W.  McGann,  New  Brunswick,  N.  J. 

9.  Paper:  Some  notes  on  agricultural  meteorology,  with  special  reference  to 
the  rainfall  element. — Charles  E.  Linney,  Chicago,  III. 

10.  Effect  of  forest  clearing  and  cultivation  upon:  First,  water  supply  and  soil; 
second,  rainfall;  third,  temperature. — W.  M.  Fulton,  Enoxville,  Tenn.;  Geo. 
N.  Salisbury.  Seattle,  Wash. 

11.  Is  the  weather  map  appreciated  and  understood  by  the  masses?  Would 
not  the  postal  card  weatner  forecast  prove  a  satisfactory  substitute  for  the  map, 
except  where  it  is  used  for  the  purposes  of  study  and  instruction  ? — E.  B.  Calvert. 
Washington,  D.  C;  T.  F.  Townsend,  Philadelphia,  Pa. 

12.  Paper:  Primary  work  on  meteorology  for  the  use  of  schools. — Patrick 
Connor,  Kansas  City,  Mo. 

13.  Should  not  certain  important  Weather  Bureau  stations,  the  duties  at  which 
cover  a  wide  range  of  work,  be  designated  stations  of  instruction  for  newly 
appointed  observers? — J.  Warren  Smith,  Columbus,  Ohio;  C.  F.  R.  Wappen- 
hans,  Indianapolis,  Ind. 

14.  Climate  and  Crop  Service,  weekly  bulletins:  Should  remarks  of  corre- 
spondents be  published  as  supplementary  to  general  discussion?  Should  weekly 
reports  of  temperature  and  rainfall  be  telegraphed  to  section  centers  from 
selected  voluntary  stations? — A.  E.  Hackett,  Columbia,  Mo.;  J.  B.  Marbury, 
Atlanta,  Ga. 

15.  Paper:  Frost  fighting. — Alex.  G.  McAdie,  New  Orleans,  La. 

16.  Aerial  observations. — J.  C.  Piercy,  North  Platte,  Nebr.;  G.  B.  Wurtz,  Pierre, 
S.  Dak. 

17.  Should  not  a  book  providing  for  permanent  record  of  meteorological  obser- 
vations for  prolonged  periods  be  furnished  for  use  of  section  centers  and  volun- 
tary stations? — J.  W.  Bauer,  Columbia,  S.  C;  G«  A.  Loveland,  Lincoln,  Nebr. 

18.  Paper:  Atmospheric  moisture  and  artificial  heating. — W.  M.  Wilson,  Mil- 
waukee, Wis. 

19.  Should  not  a  book  be  provided  suitable  for  keepine  record  of  the  issue  of 
instruments  and  flags  to  voluntary  observers  and  aispTaymen? — R.  G.Allen, 
Ithaca,  N.  Y.;  B.  H.  Bronson,  Bismarck,  N.  Dak. 

20.  Are  changes  in  the  present  forms  (1053  and  1054)  for  reporting  weekly 
climate  and  crop  conditions  advisable? — Charles  E.  Linney,  Chicago,  111.;  A.  j. 
Mitchell,  Jacksonville,  Fla. 

21.  Should  pay  be  allowed  persons,  not  in  the  employ  of  the  Bureau,  while 
learning  station  duties  to  enable  them  to  properly  perform  such  duties  in  emer- 
gencies?—D.  Cuthbertson,  Buffalo,  N.  Y.;  G.  E.  Franklin,  Los  Angeles,  Cal. 

22.  Papers: 
Professor  Marvin's  weighing  rain  and  snow  gauge. — W.  W.  Carlisle,  Minne- 
apolis, Minn. 

Interchange  of  standard  climatic  data. — ^Alex.  G.  McAdie,  New  Orleans,  La. 

Studies  of  climate. — F.  J.  Walz,  Baltimore,  Md. 

Voluntary  stations,  their  object  and  collateral  functions. — A.  J.  Mitchell, 

Jacksonville,  Fla. 
Snow  and  ice  measurements. — Hermann  Volker,  St.  Paul,  Minn. 
Benefits  of  the  Weather  Bureau  to  western  Nebraska.—- J.  C.  Piercy,  North 

Platte,  Nebr. 
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Development  of  the  Weather  Map.— E.  B.  Calvert,  Washington,  D.  C. 

Establishment  and  inspection  of  voluntary,  river,  and  cotton  belt  stations. — 
J.  B.  Marbury,  Atlanta,  Ga. 
4  Storm  signals  on  the  Great  Lakes. — H.  J.  Cox,  Chicago,  111. 

^  Long-range  weather  forecasts. — A.  B.  Crane,  PensacoTa,  Fla. 

The  weather  as  a  topic  of  conversation. — A.  S.  Brendle,  Schaefferstown,  Pa. 

Distribution  of  forecasts  by  mail. — P.  F.  Lyons,  St.  Paul,  Minn. 

Utility  of  hygrometric  observations. — A.  Pennell,  M.  E.,  Kansas  City,  Mo. 

Wind  vanes. — C.  P.  Cronk,  Cape  Henry,  Va. 

OCTOBER  13,  1898 :  MORNING  SESSION. 

The  Convention  was  called  to  order  at  10  o'clock  a.  m.,  in  the  rooms 
of  the  Commercial  Club  of  Omaha,  by  Prof.  Willis  L.  Moore,  Chief 
of  the  Weather  Bureau,  who  said  : 

Gentlemen,  Officials  of  the  United  States  Weather  Bureau:  I 
am  very  glad  to  have  the  opportunity  to  welcome  you  here  this 
morning ;  to  welcome  men  who  are  not  only  interested  in  meteoro* 
logical  science,  but  in  applying  that  science  to  the  commerce  and 
the  industries  of  the  United  States.  That  they  are  willing  to  come 
here  and  give  their  time  and  pay  their  own  expenses  for  the  pur- 
pose of  communicating  one.  with  the  other — the  State  of  Washing- 
ton getting  information  from  Florida,  and  New  England  from  the 
great  arid  Southwest— shows  tha.t  you  have  such  heart  in  this  work 
that  you  are  willing  to  sacrifice  your  own  personal  interests  to  the 
public  weal.  I  remember  the  first  convention  I  attended ;  it  was 
a  number  of  years  ago,  when  I  was  a  section  director.  Afterwards, 
when  I  came  to  the  control  of  the  weather  service,  I  found  that 
the  discussions  which  I  had  heard  at  Buffalo  and  Indianapolis 
had  given  me  many  useful  ideas.  Many  of  these  you  have  since 
seen  incorporated  in  the  rules  and  regulations  of  this  service. 
Now,  we  have  m^t  again,  and  our  numbers  are  much  greater  than 
at  any  previous  meeting.  We  meet  under  slightly  different  con- 
ditions— simply  as  Weather  Bureau  officials.  Before,  we  met  as 
representatives  of  State  organizations,  or  as  representatives  of  State 
organizations  having  cooperation  with  the  Federal  service.  Such 
cooperation  has  in  great  measure  been  succeeded  by  the  Federal 
Government  taking  complete  control  of  what  were  the  State  services^ 
although  in  a  few  cases  there  remains  very  valuable  cooperation 
between  the  National  service  and  the  State  services,  as  in  New  York^ 
Iowa,  New  Mexico,  California,  Maryland,  and  Michigan. 
-  I  shall  not  take  up  your  time  this  morning  with  a  long  address, 

for  I  know  we  have  an  extensive  program.  I  feel,  however,  like 
taking  advantage  of  the  opportunity  to  discuss  here  a  few  family 
matters.  Actions  speak  louder  than  words;  therefore,  I  do  not 
know  that  it  is  necessary  for  me  to  say  much.  I  believe  you  all 
recognize  the  fact  that  to-day  every  man  in  this  service,  from  the 
humblest  to  the  most  important  official,  stands  purely  and  simply 
upon  his  own  merits.    I  believe  you  realize  that  there  has  not  been  a 
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fielection,  a  promotion,  or  a  redaotion  in  the  Weather  Bareaa  daring 
the  last  several  years  that  was  not  controlled  absolutely  and.  entirely 
by  the  merits  of  the  man,  without  regard  to  extraneous  influence,  so 
far  as  the  head  of  the  service  was  able  to  judge.  If  an  error  has  been 
made,  it  was  simply  an  error  of  judgment.  We  are  most  fortunate 
in  having  had  in  a  former  Secretary  of  Agriculture  a  man  who  had 
our  technical  workers  classified.  We  are  still  more  fortunate  in 
having  for  the  present  Secretary  of  Agriculture  a  man  who,  without 
•exception,  has  demanded  that  every  recommendation  coming  to  him 
from  the  weather  service  shall  be  based  entirely  upon  the  merits  of 
the  man  and  the  needs  of  the  public  service.  We  have  a  man  at  the 
head  of  the  great  Department  of  Agriculture  whose  innate  kindness 
of  heart  is  such  as  to  warm  every  man's  affections  toward  him.  He 
has  done  much  for  the  weather  service ;  he  has  done  more  than  any 
other  man  to  raise  the  standard  of  its  personnel.  After  several 
trips  through  the  country,  meeting  with  our  local  forecast  officials, 
our  section  directors,  and  our  observers,  he  came  back  and  told  me  he 
was  very  much  impressed  with  the  character  of  the  officials  of  the 
weather  service,  and  it  would  give  him  pleasure  to  honor  my  recom- 
mendations for  such  reasonable  advancement  of  these  officials  as  the 
appropriations  would  allow  him  to  make. 

I  wish  to  speak  especially  of  one  matter  which  I  believe  is  im- 
portant in  maintaining  a  kindly  yet  thoroughly  efficient  discipline 
at  your  stations.  I  speak  of  this  after  extensive  experience  of  my 
own,  in  control  of  some  of  the  large  stations,  and  especially  since  I 
have  presided  at  the  Central  Office  in  Washington.  It  is  this :  Allow 
no  man  associated  with  you  to  come  to  you  with  tales  of  another,  or 
to  impeach  in  any  measure  the  official  integrity  of  his  companions, 
unless  you  bring  in  the  accused  man  also,  and  give  him  full  oppor- 
tunity to  answer  his  accuser.  Do  this  and  you  will  find  that  the 
harmony  and  efficiency  of  your  stations  will  be  greatly  improved. 
We  desire  to  place  every  official,  both  at  the  Central  Office  and 
throughout  the  extensive  ramifications  of  this  service,  in  such  posi- 
tion that  he  can  feel  that  he  may  go  on  with  his  work  without  fear 
of  his  reputation  or  standing  being  assassinated.  I  especially  call 
your  attention  to  this  feature.  I  do  not  know  that  it  is  necessary, 
because  I  feel  that  your  discipline  to-day  is  of  a  very  high  standard 
of  excellence.  And  when  I  say  discipline,  I  do  not  mean  harsh  treat- 
ment, or  that  rigid  lines  be  drawn  upon  a  man,  but  I  mean  such  dis- 
•cipline  as  will  encourage  the  pride  of  the  man  and  the  spirit  of  the 
official,  and  yet  maintain  the  authority  of  the  officer  in  charge.  It 
is  possible  to  have  such  discipline,  and  I  believe  we  have  it  to-day. 
I  can  say  further  that  there  are  no  dissensions  at  the  Central  Office 
of  the  Weather  Bureau.  There  is  harmony  there,  and  that  means 
much  to  the  rest  of  you. 
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I  would  encoarage  all  to  be  students.  I  kuow  that  most  of  you 
are,  and  I  know  that  many  (myself  inoluded)  have  found  the  best 
years  of  their  lives  for  study  while  in  the  weather  service.  The 
Central  Offioe  has  outlined  a  course  that  we  expect  every  new  ap- 
pointee to  become  proficient  in  before  he  is  eligible  for  advancement. 
It  is  necessary,  in  writing  your  reports,  that  you  express  yourselvefei 
in  good  English.  It  is  necessary  that  the  local  forecast  official  be 
well  versed  in  physics  and  mathematics.  It  is  necessary  that  the 
section  director  be  thoroughly  conversant  with  the  processes  under 
which  plant  life  has  its  inception  and  makes  its  growth.  We  scru- 
tinize carefully  the  qualifications  of  a  man,  his  education,  moral 
character,  and  the  study  he  has  made  since  entering  the  service,  be- 
fore we  take  him  up  for  advancement. 

Just  one  more  matter.  We  have  made  many  changes  in  the  dis- 
tribution of  the  salary  fund.  A  few  employees  have  lost  thereby 
while  many  have  gained.  We  have  endeavored  to  so  apportion  the 
fund  as  to  make  the  pay  commensurate  with  the  importance  of  the 
assignment  and  the  merit  of  the  official.  I  believe  you  are  satisfied 
that  there  has  been  a  determination  at  the  Central  Office  to  so  reap- 
portion that  fund  as  to  secure  a  more  equitable  distribution  of  the 
money  than  had  obtained  before. 

I  think  it  but  proper  to  take  advantage  of  this  occasion  to  refer 
to  an  official,  not  now  associated  with  us,  who  spent  more  than 
twenty-five  of  the  best  years  of  his  life  in  the  work  of  this  Bureau. 
When  hostilities  with  Spain  began  he  returned  to  the  Signal  Corps  of 
the  Army,  to  which  branch  of  the  military  service  he  belonged.  I  am 
sure  you  join  me  in  wishing  him  a  brilliant  career.  I  allude  to  Col. 
H.  H.  C.  Dunwoody. 

Before  proceeding  to  the  consideration  of  the  program,  I  would  say 
that  away  back  in  1870  there  was  one  who  is  with  us  to-day,  who 
laid  the  foundation  of  the  present  weather  map,  and  who,  by  his  own 
investigations  and  experimentations,  compiled  weather  charts  and 
made  forecasts  long  before  the  Federal  Government  did  so.  That  man 
has  been  connected  with  the  Federal  Weather  Service  from  the  very 
day  of  its  beginning,  and  has  been  an  important  worker  through  its 
whole  development.  He  is  a  man  whom  every  one  of  you  honors  for 
his  scientific  attainments,  and  whom  all  who  know  him  esteem  for 
his  courteous  bearing  and  innate  kindness  of  heart.  I  shall  ask  Prof. 
Cleveland  Abbe  from  time  to  time  to  relieve  me  as  presiding  officer 
of  this  Convention. 

Professor  Abbe.  Gentlemen,  I  think  you  all  want  to  get  down  to 
business,  and  you  don't  want  to  hear  from  me.  I  have  been  writing 
a  good  deal  the  last  five  or  six  years  in  the  Monthly  Weather  Re- 
view, and  you  know  just  what  I  would  say  if  I  were  to  say  it  all  over 
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again.  The  Chief  wants  to  get  through  with  this  long  program. 
How  he  is  going  to  do  it,  I  don't  know,  bat  we  will  begin  with  paper 
No.  1. 


TOPIC  No.  l.~BBIiATION  BBTWBBN  THB  WEATHER  BURBAIJ 

AND  THB  PUBLIC. 

F.  J.  Walz,  Baltimore,  Md.,  and  O.  N.  Salububt,  Seattle,  Wash. 

Mr.  Walz.  It  embarrasses  me  somewhat  to  have  the  first  paper  on 
the  program,  especially  as  I  am  to  immediately  follow  our  elo- 
quent and  honored  Chief  in  addressing  you,  and  also  because  this  is 
my  first  attempt  at  speaking  to  so  large  a  body  of  my  colaborers.  I 
am  still  more  embarrassed  by  the  fact  that  while  en  route,  the  few 
notes  I  had  made  on  the  subject  of  this  first  topic  were  lost,  and  so 
I  shall  have  to  depend  upon  the  inspiration  of  the  moment,  aided  by 
the  few  notes  I  have  sjnce  jotted  down,  and  by  your  inspiring  pres- 
ence. 

The  topic  is.  The  Relations  Between  the  Weather  Bureau  and  the 
Public.  This  subject  is  one  practically  without  limits,  were  it  pro- 
posed to  discuss  it  in  all  its  phases  and  features,  for  all  our  work  ia 
along  this  line.  All  mankind  is  affected  by  the  weather  in  some  of 
its  phases,  and  it  is  the  intent  and  purpose  of  the  Weather  Bureau  to 
study  out  those  phases  and  consider  them  in  all  their  various  aspects. 
Even  if  we  take  any  one  of  several  lines  which  might  be  suggested,  it 
would  take  up  the  entire  time  of  this  Convention.  The  subject  is  one 
with  which  all  the  officials  here  assembled  are  daily  confronted  in 
the  management  of  their  stations ;  it  is  one  of  the  most  important 
subjects  we  have  to  deal  with.  The  value  and  importance  of  each 
local  office  depends  so  largely  upon  the  handling  of  these  questions 
that  one  might  say  the  prime  object  of  this  Convention  is  to  consider 
the  relations  between  the  Weather  Bureau  and  the  public  in  some 
one  or  all  of  their  phases.  Nearly  every  paper  that  will  be  produced, 
and  nearly  every  discussion  of  importance  that  is  to  be  brought  out, 
will  be  in  the  line  of  looking  for  some  improvement  in  our  relations 
with,  and  of  giving  more  benefits  from,  the  Bureau  to  the  public.  The 
propositions  I  shall  suggest  will  bear  more  directly  upon  those  sub- 
jects which  have  been  made  manifest  in  the  management  of  local 
offices.  In  a  general  sense  these  relations  might  be  considered  under 
two  heads — the  direct  relations  we  have  with  the  public,  and  the  in- 
direct. And  again  we  might  classify  the  public  under  two  heads,  as 
the  general  public  who  want  to  look  at  a  forecast  to  see  what  the 
weather  will  be  to-morrow,  and  the  commercial  and  maritime  ex- 
changes and  organizations  of  that  kind,  upon  whose  dealings  the 
weather  has  a  direct  effect,  and  this  not  only  one  day,  but  day  after 
day,  year  in  and  year  out.  Under  this  latter  head  we  might  classify 
the  relations  we  have  with  schools  and  various  educational  institu- 
tions. The  direct  kinds  of  relations,  I  might  say,  are  those  that  exist 
between  the  personnel  of  the  station  and  the  public.  The  value  of 
the  mental,  moral,  and  social  qualities  of  the  official  in  charge  deter- 
mines, to  a  very  large  extent,  the  value  of  a  station  to  the  public. 
The  mental  qualifications  of  the  officials  you  will  of  course  have  to 
take  for  granted  after  having  heard  what  our  honored  Chief  has  said ; 
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and  judging  from  his  attitude  toward  the  moral  status  of  our  sta- 
tions, any  agitation  on  that  question  would  be  rather  superfluous. 
The  social  qualifications  are  of  considerable  importance.  It  is  now 
within  the  power,  as  unfortunately  it  once  was  not,  of  every  mem- 
ber of  our  body  to  become  a  representative  man  in  his  community, 
and  he  owes  it  to  himself  and  the  Bureau  that  he  should  not  be  satis- 
fied with  anything  short  of  that.  He  should  be  a  representative  man, 
one  who  is  looked  up  to,  so  that  anything  he  may  say  will  have  weight 
attached  to  it  because  of  his  being  a  representative  man. 

Then,  again,  in  our  direct  personal  relations  with  the  public,  the 
location  of  the  office  is  a  very  important  matter.  The  office,  as  we 
all  know,  should  be  centrally  located  and  easy  of  access  to  the  pub- 
lic ;  it  should  be  where  the  public  can  come  into  close  contact  with 
us,  and  where  the  men  engaged  in  the  interests  to  be  served  by  us 
can  visit  the  station  and  become  more  familiar  with  our  work ;  the 
benefits  to  be  obtained  from  this  personal  intercourse  are  almost 
incalculable.  There  should  be  frequent  personal  visits  by  the  official 
in  charge  to  the  various  organizations,  maritime  exchanges,  boards 
of  trade,  etc.,  and  they  should  know  us  and  our  work,  and  be  inter- 
ested in  it,  as  indeed  they  are.  The  Weather  Bureau  official  should 
be  familiar  with  the  needs  of  organizations  of  all  kinds,  and  provide 
for  them — not  only  their  present  needs,  but  by  anticipating  their 
wants.  He  should  acquaint  himself  with  the  public  school  system ; 
induce,  as  far  as  possible,  an  interest  in  the  study  of  meteorology 
and  meteorological  subjects,  elementary,  it  may  be,  but  sufficient  to 
enable  every  one  of  the  rising  generation  to  take  an  active  interest 
in  our  Bureau,  and  be  able  to  read  a  map  intelligently  and  make 
his  own  deductions  therefrom. 

Indirect  relations  are  maintained  through  the  issue  of  our  local 
publications,  through  the  medium  of  the  press,  and  through  sub- 
stations, voluntary  observers,  and  the  distribution  of  forecasts.  The 
best  methods  to  be  followed  in  the  issue  of  our  publications,  whether 
they  are  at  present  such  as  we  want  them  to  be,  or  whether  they  need 
modifications,  will  probably  be  discussed  in  papers  that  will  follow. 
The  local  newspapers,  however,  as  we  all  know,  should  be  utiltzed  to 
the  fullest  extent  in  the  dissemination  of  whatever  information  we 
may  have  to  give  to  the  public,  not  only  meteorological  data,  but 
information  as  to  our  plans  for  future  extension  of  the  benefits  of 
the  weather  service.  I  think  the  newspapers  should  be  advised  of 
these  matters  in  advance,  so  as  to  be  able  to  tell  the  people  of  antici- 
pated changes.  The  establishment  of  substations  and  the  serving  of 
outlying  interests  call  for  special  study.  Officials  should  be  as  alert 
to  the  needs  of  distant  substations,  and  as  desirous  to  serve  them 
promptly  and  accurately,  as  they  are  to  serve  those  with  which  they 
come  more  directly  in  contact.  Some  of  us  are  at  times  liable  to 
forget  the  Weather  Bureau's  benefits  are  not  only  for  those  we  see 
immediately  around  us,  but  extend  far  out  into  the  State,  and  over 
the  whole  of  it.  Every  day  there  are  people  far  distant  from  us, 
whom  we  have  never  seen,  who  are  looking  to  us  for  information, 
not  only  forecasts,  but  for  the  other  data  we  have  to  give.  We  should 
see  to  it  that  they  obtain  all  the  information  possible  to  give  them 
as  to  our  work,  which  they  desire,  and  which  it  is  possible  to  give 
them. 

All  of  these  questions  will  be  considered,  and  many  of  them  dis- 
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cussed  during  the  present  meeting,  as  well  as  many  points  I  have  not 
mentioned.  We  have  all  had  our  experiences,  all  have  our  cherished 
plans  and  theories,  and  now  is  the  time  to  bring  these  out  and  have 
them  tested,  and  such  as  stand  the  test  of  this  Convention  should 
become  common  property  for  the  benefit  of  all  of  us.  But  we  must 
all  remember  that  however  admirable  a  plan  we  may  have,  its  success 
will  depend  very  largely  upon  the  personality  and  energy  of  those 
to  whom  its  consummation  is  entrusted.  That  will  always  be  the 
important  factor  in  the  relations  between  the  Weather  Bureau  and 
the  public. 

Mr.  Salisbury.  Faster  and  faster,  more  and  more  constantly,  is 
the  Weather  Bureau  and  its  work  coming  into  public  notice.  More 
and  more  are  the  general  public,  even  those  of  only  ordinary  educa- 
tion and  intelligence,  becoming  quite  familiar  with  what  the  Bureau 
does,  and  what  it  aims  to  do.  And  to-day,  the  modest  Weather 
Bureau  official  is  taking  a  better  place  among  his  fellow-men,  and  is 
looked  upon  with  more  confidence  and  respect  than  ever  before.  The 
foregoing  are  facts,  for  which  there  are  good  and  sufficient  reasons. 
As,  since  creation  dawned,  there  never  has  been  a  time  when  there 
was  no  weather,  so  there,  perhaps,  has  never  been  a  time  when  there 
was  not  a  weather  prophet.  Undoubtedly  primitive  men  had  their 
weather  signs  or  prognostics ;  savage  and  barbaric  people  have  in  all 
known  times  had  their  "rain  doctors;"  more  modern  times  and 
peoples  have  had  their  almanacs,  which  contained  '^  long  range  "  pre- 
dictions ;  but  only  within  a  short  time  has  meteorology  become  truly 
a  science— only  within  half  a  life-time  have  there  been  organized 
weather  bureaus,  worthy  of  the  name,  for  the  benefit  of  the  public. 
For  a  far  longer  time,  to  be  sure,  climatic  records  have  been  kept, 
which  were  very  accurate,  valuable,  and  useful,  but  an  organization 
for  keeping  climatic  records  is  not  properly  regarded  as  a  weather 
bureau  unless  it  foretells  storms  and  weather  changes. 

What  is  the  attitude  of  the  public  toward  such  an  organization? 
We  know  how  the  superstitious  savages  have  regarded  their  "rain 
doctor  "with  awe  and  amazement,  not  unmixed  with  fear  or  dis- 
trust. Should,  unhappily,  the  doctor's  false  pretensions  be  exposed, 
woe  to  him.  Our  dethroned  deities  always  suffer  worse  than  com- 
mon clay.  Our  almanac  maker  fared  somewhat  better.  Credulous 
belief  and  wild  wonder,  or  on  the  other  hand,  doubt  or  ridicule,  were 
his  portion.  The  prognostics  by  the  moon,  the  sky,  or  animate 
nature,  the  blind  guesses  or  absurd  astronomical  pretensions  of  the 
almanacs  had  so  long  held  sway  that  the  public  scarcely  knew  how 
to  take  it  when  a  Government  service  undertook  to  forecast  storms 
and  daily  weather  changes  from  laws  so  recently  discovered  that  they 
were  entirely  unknown  to  the  many.  Some  scoffed,  some  ridiculed, 
many  wondered,  all  more  or  less  doubted,  for  it  was  an  experiment. 
To  the  uninitiated  the  Signal  Service  seemed  a  mystery,  and  indeed 
it  was  in  some  respects  an  enigma  up  to  its  last  day.  The  curious 
public  were,  however,  great  investigators,  and  gradually  the  mystery 
lessened.  It  was  seen  that  the  Signal  Service  officials  were  even  as 
other  men,  as  far  as  their  restrictions  allowed  them.  Incited  to  read 
up  on  meteorology  or  weather  and  storm  movements,  becoming 
familiar  with  barometers  and  thermometers,  the  glamor  of  erudition 
that  had  encompassed  the  service  became  dim  and  shadowy.    The 
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elaborate  predictions  that  emanated  from  the  chief  office  were  eeen 
to  be  deductions  from  general  facts.  The  Government  institution 
simply  had  at  its  disposal  a  vast  electric  telegraph  system  for  in- 
stantly collecting  a  great  number  of  those  facts. 

Though  the  ridicule  in  some  instances  remained,  yet  the  general 
confidence  grew ;  grew  with  every  triumph  scored  by  the  Signal  Ser- 
vice ;  grew  when  its  storm-warnings  saved  hundreds  of  ships  from 
peril  and  disaster ;  grew  when  its  cold-wave  warnings  gave  two  to 
three  days'  notice  of  severe  cold  spells ;  grew  with  every  successful 
flood  warning  or  frost  warning.  The  public  became  unsparing  when 
marked  failures  occurred,  with  seemingly  little  excuse.  It  was  gen- 
erous, perhaps  to  a  fault,  where  there  was  some  excuse. 

The  Signal  Service  did  a  great  work  as  all  must  admit,  and  no 
matter  how  we  may  view  its  military  regime,  it  should  never  be  for- 
gotten that  its  officers  and  men  worked  out,  in  a  great  measure,  the 
systems  which  make  the  weather  service  of  this  country  unequaled, 
or  even  unapproached  by  any  other.  But,  though  doing  a  great  work, 
it  was  not  best  adapted  for  that  work,  as  we  now  well  know.  It  had 
a  military  machinery  which  was  supposed  to  greatly  aid  it,  and  by 
some  was  regarded*  as  indispensable,  but  as  a  weather  service  it  was 
sorely  handicapped,  for  it  carried  ever  on  its  shoulders  (like  Sinbad) 
a  burden  which  would  not  be  shaken  off.  The  public  was  not  en 
rapport  with  it;  it  was  harrassed  with  a  sense  of  exclusion ;  in  short 
the  military  engine  was  not  adapted  to  civilian  work.  The  service 
and  the  public  both  realizing  this  full  well,  a  simultaneous  effort 
was  made  in  its  last  days,  though  on  opposing  lines.  From  within 
its  liberal  minded  officers  strove  to  adapt  its  machinery  to  business 
purposes,  and  educate  the  public  to  its  workings;  from  without  the 
public  sought  to  effect  a  transfer  to  a  civil  department.  Happily 
the  latter  effort  was  successful.  Since  its  organization  as  a  civil 
bureau,  under  an  appropriate  department,  the  most  liberal  policy  has 
prevailed,  and  every  effort  has  been  made  to  improve  its  methods,  per- 
fect its  workings,  and  make  it  of  the  utmost  possible  benefit  to  all 
trades,  all  professions,  all  classes. 

Hence,  as  officials,  it  may  greatly  profit  us  to  consider  at  times 
how  the  Bureau  now  stands  in  the  estimation  of  the  public,  and  to 
reflect  on  these  questions:  What  are  we  doing  for  the  people ;  how 
are  we  doing  it ;  is  it  of  benefit  to  them ;  what  is  the  popular  verdict  ? 

It  is  safe  to  attempt  to  reach  the  public  expectation,  for  that  is  now 
high.  Only  sometimes  it  expects  impossibilities.  For  instance,  to 
expect  to  receive  a  forecast  for  a  date  a  week  ahead,  or  even  two  days, 
often  is  unreasonable  at  the  present  stage.  "There  may  come  a 
time,"  but  the  time  is  not  yet.  To  expect  to  know  just  the  hour  it 
will  begin  raining  is  to  demand  a  little  too  much;  likewise,  just 
when  it  will  stop ;  just  how  cold  it  will  get,  and  how  long  it  will 
remain  so. 

But  the  public  rightly  expects  accuracy,  so  far  as  the  information 
goes.  Inaccurate  information  is  worse  than  none.  It  is  much  better 
to  say  "  We  do  not  know,"  however  humiliating  the  confession,  than 
to  predict  what  will  not  come  to  pass.  If  we  do  not  know,  with  con- 
siderable certainty,  what  the  weather  will  be  two  or  more  days  in 
advance  its  prediction  should  not  be  attempted.  It  savors  of  char- 
latanism; it  begets  lack  of  confidence  in  us;  our  information 
becomes  unreliable,  and  whom  can  we  blame  save  ourselves,  if  we 
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aaffer  the  odium  or  oblivion  assigned  to  all  false  prophets  ?  The 
aim  of  the  Bureau  should  be  to  foster  public  confidence.  It  should 
always  be  sure  of  its  ground.  £ven  the  humblest  officials  should 
ever  remember,  and  the  more  prominent  ones  should  never  forget, 
that  each  correct  statement  and  each  accurate  prediction  adds  to  the 
grandeur  and  beauty  of  its  temple  of  reputation ;  while  every  mis- 
statement, and  every  gross  failure,  is  a  stone  taken  from  its  founda- 
tion, lessening  the  stability  and  threatening  the  overthrow  of  the 
structure. 

*'  England  expects  every  man  to  do  his  duty  *'  signaled  a  gread  ad- 
miral at  the  beginning  of  a  great  battle.  Our  service  and  an  indul- 
gent but  just  public  expect  this  of  us.  The  commercial  and  scientific 
bodies,  representative  men,  have  always  treated  the  local  officials 
with  every  consideration  due  to  men  of  culture  and  intelligence.  In 
so  doing,  while  honoring  the  Government  Bureau,  they  reflect  credit 
on  themselves.    We  should  never  prove  unworthy  of  it 

The  general  public,  all  classes  and  conditions,  meet  in  our  offices 
every  day.  We  give  them  all  kinds  of  information,  always  cheer- 
fully and  courteously  let  us  hope,  and  they  appreciate  it,  or  ought  to. 
Our  information  must  be  exact,  and  given  clearly,  in  such  a  manner 
as  to  inspire  confidence,  if  we  wish  it  to  do  good.  They  have  the 
right  to  expect  it  of  us.  They  may  not  have  the  right  to  annoy  or 
bore  us,  but  should  some  do  so  it  would  hardly  be  advisable  to  tell 
them  of  it. 

In  its  relation  to  maritime  interests  the  Weather  Bureau  has  one 
of  the  greatest  responsibilities.  True,  calamitous  storms  causing 
disaster  to  shipping  are  infrequent,  but  it  is  necessary  to  tell  just 
when  storms  will  be  violent.  In  consequence  of  stormwinds  being 
so  uncertain  it  is  sometimes  thought  necessary  to  warn  of  all  Btorms 
in  order  that  the  violent  ones  may  not  be  overlooked;  therefore, 
business  interests  are  often  put  on  the  lookout  for  severe  storms 
which  do  not  materialize  and  a  loss  of  confidence  results,  the  natural 
inference  being  that  the  warnings  were  mere  guess  work  and  need 
not  again  receive  serious  attention.  This  is  a  grave  mistake  on  the 
part  of  the  affected  interests,  and  a  fatal  day  comes  when  it  is  seen 
and  bitterly  rued.  How  can  greater  confidence  be  engendered,  or 
rather  how  can  loss  of  confidence  be  prevented  ?  Manifestly  by  ac- 
curate diagnosis  on  the  part  of  officials,  so  that  distinction  will  be 
made  between  slight  and  dangerous  storms.  This  is  very  difficult 
aud  leaves  the  possibility  of  a  storm  proving  more  violent  than  apr 
pearances  indicated.  It  may  be  that  eternal  vigilance  is  the  price  of 
security,  as  of  liberty,  but  it  is  impossible  to  keep  the  interest  up  to 
a  high  pitch  all  the  time  by  constantly  sounding  the  warning  of 
danger  when  no  danger  appears.  And  yet  there  are  times  in  certain 
localities  when  storms  follow  in  such  rapid  succession  that  to  give 
warning  of  all  requires  an  almost  constant  signal.  Therefore,  I  be- 
lieve it  imperative  that  a  method  to  distinguish  between  the  approach 
of  a  harmless  storm  and  a  disastrous  one  be  found.  Often  the  fault 
is  with  the  conditions,  rather  than  with  the  service.  Ships  should 
be  built  to  withstand  the  fiercest  gales ;  anchor  chains  should  hold 
against  the  greatest  possible  strains;  wharves  should  be  strong 
enough  to  endure  the  heaviest  waves ;  dike  and  sea  walls  should  be 
high  and  thick  enough  to  turn  aside  the  highest  hurricane  tides.  But 
in  this  day  and  generation  the  ordinary  is  built  for  and  not  the  ex- 
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traordiDary.  Take  the  case  of  Savannah,  Charleston,  and  other 
cities  of  our  south  Atlantic  coast.  Every  three  to  five  years  dis- 
astrous West  India  hurricanes  approach  them,  causing  widespread 
destruction  and  loss  of  life;  yet  what  steps  are  taken  to  provide 
more  secure  anchorage,  to  erect  stronger  structures,  to  provide  dikes 
and  sea  walls  for  the  tideswept  islands  ?  Here  the  communities  are 
plainly  at  fault,  find  not  the  bureau.  If  everything  was  kept  strong 
and  secure,  then,  as  I  have  suggested,  the  minor  storms  might  safely 
be  neglected. 

There  is  no  doubt  that  the  agricultural  class  is  now  coming  into 
close  relation  with  our  Bureau,  and  that  in  certain  branches  of  agri- 
culture considerable  benefit  is  derived  from  our  work.  The  writer 
has  ever  held  the  opinion  that  the  greatest  benefit  of  the  weather 
service  to  agriculture  would  be  in  a  climatic  way ;  ascertaining  what 
portions  of  the  country  could  be  successfully  cultivated.  In  collect- 
ing this  climatic  record  the  voluntary  service  is  doing  a  great  work, 
stupendous  in  magnitude  and  far-reaching  in  results.  It  is  establish- 
ing a  climatic  history  and  character  for  each  locality  that  will  be  a 
guide  to  all  future  generations.  Its  value  to  the  general  government 
in  thus  indicating  the  capabilities  and  limitations  of  those  localities 
will  be  beyond  price.  Yet'it  is  obtained  at  very  little  expense  so  far 
as  concerns  the  voluntary  observer.  It  is  possible  that  the  daily 
forecasts,  now  of  value  to  certain  classes  of  farming,  can  be  so 
extended  or  their  distribution  so  improved  as  to  reach  many  more 
classes.  It  is  a  fair  conclusion,  however,  and  there  are  many  who 
hold  it,  that  a  large  portion  of  farmers  will  continue  to  farm  ac- 
cording to  their  lights  and  not  according  to  the  advice  of  the  Gov- 
ernment Weather  Bureau;  this,  too,  while  not  denying  that  the  suc- 
cessful cranberry  grower  of  Wisconsin  is  the  one  who  relies  on  the 
prediction  to  warn  him  of  frost  and  the  successful  raisin  grower  of 
California  is  he  who  heeds  the  Bureau's  rain  warnings. 

The  press  is  and  must  ever  be  the  medium  through  which  the 
greatest  amount  of  our  information  reaches  "the  public.  Consequently, 
it  behooves  us,  as  officials,  always  to  be  on  good  terms  with  the  editors 
and  reporters.  Most  of  us  are,  though  at  times  it  requires  consid- 
erable tact  to  steer  clear  of  dissension  and  much  patience  under  fre- 
quent nagging  and  senseless  though  not  ill-meant  witticisms.  Some 
papers  will  persist  in  being  cold,  if  not  secretly  unfriendly.  The  local 
official  should  carefully  win  them  over.  Nothing  is  ever  made  by 
antagonizing  a  newspaper,  and  much  may  be  gained  through  its 
friendship,  not  only  by  the  official,  but  much  more  by  the  service  he 
represents. 

In  regard  to  the  possible  future  of  the  Bureau,  we  can  not  lift  the 
veil,  but  can  only  see  dimly  through  it,  as  we  judge  the  future  by 
the  past.  Who,  thirty  years  ago,  would  have  thought  the  present 
development  of  the  Weather  Bureau  possible  ?  Did  the  public  realize 
what  value  its  records,  its  daily  forecasts,  its  storm  warnings  would 
prove  to  be?  Assuredly  not.  So  we  can  not  set  a  Hmit  to  the  pos- 
sibilities of  the  service  for  usefulness.  It  is  covering  a  wide  field, 
but  not  too  wide.  Year  by  year  the  experience  and  knowledge  of 
former  years  is  built  upon,  and  future  research  and  discoveries  will 
most  surely  add  vastly  to  our  present  knowledge  of  meteorology  and 
our  usefulness  to  the  public. 

BUL  24 2 
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Professor  Moore.  Mr.  Salisbury  has  spoken  of  the  Signal  Corps. 
I  had  some  conversation  with  General  Greely  yesterday,  and  he 
asked  me  especially  to  present  his  compliments  to  this  Convention. 
I  was  anxious  that  he  should  be  here  and  epeak  to  you,  but  he  said 
that  he  appreciated  the  fact  that  we  would  be  glad  to  have  him  here, 
and  he  would  be  here  if  he  had  not  made  engagements  that  would 
prevent  him  from  attending.  I  want  to  say  to  you  that  in  the  clos- 
ing hours  of  the  last  Congress  there  was  repealed  that  part  of  our 
organic  law  which  permitted  the  Chief  Signal  OfiScer,  in  addition  to 
his  military  duties,  to  take  charge  of  the  Weather  Bureau,  and  like- 
wise appoint  four  army  officers  to  act  as  assistants.  Now  the  repeal  of 
that  law  was  favored  by  General  Greely,  the  man  directly  interested. 
In  appearing  before  the  Senate  committee  I  held  in  my  hand  a  letter 
from  General  Greely,  saying  that  the  weather  service  had  demonstrated 
its  ability  to  handle  this  extensive  public  service  under  a  civil  admin- 
istration, and  that  it  was  time  the  Bureau  was  relieved  from  the  possi- 
bility of  army  control ;  that  he  believed  the  Signal  Corps,  of  which  he 
was  Chief,  would  be  better  off  in  confining  itself  to  its  purely  military 
functions;  that  his  officers  would  know  where  they  were  to  make  their 
records ;  that  his  bureau  would  derive  benefit  from  confining  itself 
purely  to  its  military  work,  and  the  Weather  Bureau  would  receive 
equal  benefit  by  having  its  perpetuity  under  civil  control  assured  to 
it.  We  are  under  obligations  to  Gen.  A.  W.  Greely,  than  whom  no 
abler  Chief  ever  presided  over  the  weather  service,  for  his  manly  and 
magnanimous  action. 

Mr.  McAdie.  In  vipw  of  what  the  Chief  has  said,  I  think  it  would 
be  a  graceful  thing  to  send  a  greeting  to  the  Signal  Corps,  United 
States  Army,  and  General  Greely,  its  chief,  expressing  our  admiration 
and  appreciation  of  the  splendid  work  done  by  that  corps  under  his 
command  during  the  war.  We  are  proud,  I  think,  of  our  old  corps.  I, 
therefore,  move  the  following  resolution: 

RMolvedy  That  the  Weather  Bureau  officials,  in  convention  assembled,  express 
their  appreciation  and  admiration  of  the  excellent  work  done  by  the  Signal 
Corps,  United  States  Army,  during  the  late  war. 

This  was  adopted  unanimously  by  a  rising  vote,  and  the  Secretary 
directed  to  forward  a  copy  to  the  Chief  Signal  Officer,  United  States 
Army. 

Professor  Moore.  In  Mr.  Walz's  paper  I  notice  he  referred  to  the 
personal  character  of  the  man — his  moral  character  and  social  stand- 
ing as  a  representative  of  the  Weather  Bureau.  He  passed  it  rather 
lightly,  but  it  is  an  important  matter.  We  have  made  it  the  subject  of 
inquiry  whenever  selecting  section  directors  or  local  forecast  officials, 
and  I  mention  it  now  because  our  right  to  make  such  inquiry  has  been 
questioned ;  it  was  several  times  questioned  whether  we  had  the  right 
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to  inquire  into  the  moral  character,  the  domestic  and  personal  rela- 
tions of  a  man,  before  selecting  him  for  an  important  trust.    I  believe 
St  we  have  that  right,  and  I  believe  we  shall  always  assume  the  right  to 

^  make  such  inquiries  regarding  a  man.    Not  only  must  he  be  an  able 

official,  if  he  is  selected  for  an  important  trust,  but  his  private  charac- 
ter, his  moral  and  domestic  relations,  must  be  clean.     (Applause.) 


TOPIO  No.  2.— FOREOASTS  AND  SPECIAL  "O^ABNINGS. 

(a)  Forecasts  best  calculated  to  aid  maritime  interests  of  the  Oreat 

Lakes;  method  of  reaching  those  interested, 

H.  J.  Cox,  Chicaivo,  111.,  and  N.  B.  Conoeb,  Detroit*  Mich. 

Mr.  Cox  being  indisposed,  his  paper  was  read  by  Mr.  Palmer,  of 
Cheyenne,  Wyo.,  as  follows: 

Not  long  ago  masters  of  vessels  on  the  Great  Lakes  pretended  to 
disregard  the  forecasts  and  storm  warnings  of  the  Weather  Bureau. 
Gradually  the  wants  of  the  merchant  marine  have  been  more  clearly 
made  known,  and  efforts  have  been  made  to  render  the  forecasts  of 
the  greatest  practical  value.  At  the  opening  of  navigation  last  spring 
the  plan  of  sending  daily  forecasts  of  wind  and  weather  to  all  lake 
ports  was  adopted.  This  new  service,  together  with  the  issue  of  the 
monthly  lake  marine  meteorological  charts  and  the  work  incidental 
thereto,  comprise  the  greatest  improvements  during  the  past  year. 
It  is  my  opinion  that  lake  forecasts  should  have  special  reference  to 
the  24-hour  period,  and  should  be  extended  further  only  when,  in 
the  opinion  of  the  forecaster,  they  can  be  made  with  a  fair  degree  of 
accuracy. 

The  knowledge  of  the  probable  force  and  direction  of  the  wind  is 
of  greatest  importance  to  owners,  navigators,  and  shippers,  and  also 
whether  the  weather  is  going  to  be  thick  with  rain,  sleet,  snow,  or 
fog,  particularly  the  latter  two.  While  the  occurrence  of  fog  may  be 
expected  under  certain  typical  conditions,  it  also  occurs  under  other 
and  different  conditions  which  are  not  understood.  On  this  account, 
forecasts  of  fog  have  been  rarely  attempted,  but  it  is  possible  that 
through  the  investigation  now  going  on  information  may  be  secured 
which  will  lead  to  successful  forecasts  of  the  foggy  condition  that  is 
so  dangerous  to  shipping  interests.  During  the  prevalence  of  fog 
sailors  may  proceed  with  a  fair  expectation  of  avoiding  accidents 
while  "in  the  open,"  but  progress  through  channels  is  always  attended 
with  the  greatest  danger.  While  daily  forecasts  are  of  great  value, 
ample  warnings  of  severe  storms  must  be  given  in  order  that  measures 
may  be  taken  to  prevent  loss  of  life  and  property.  The  velocity  of 
wind  in  a  gale  does  not  in  itself  show  the  real  danger  to  navigation  in 
any  particular  locality.  In  every  case  the  direction  is  a  most  impor- 
tant factor.  Along  the  south  shores  of  Lakes  Superior  and  Erie  and 
at  the  southern  ends  of  Lakes  Michigan  and  Huron  a  northerly  wind  of 
85  miles  after  four  or  five  hours  duration  prohibits  navigation,  while 
a  45  or  50  mile  wind  from  the  south  causes  no  interference  whatever. 
During  the  southerly  gales  of  September  21,  1893,  when  the  wind 
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attained  a  velocity  of  60  miles  per  hour  at  Marquette,  Mich.,  shipping 
along  southern  Superior  suffered  no  inconvenience,  although  a  25-mile 
wind  from  the  north  after  a  few  hours  often  stirs  up  such  a  sea  as  to 
force  vessels  like  the  Northwest  and  Northland  to  seek  shelter  in  some 
one  of  Lake  Superior's  harbors.  In  fact,  it  is  probably  the  effect  of 
the  sea  rather  than  the  direct  effect  of  the  wind  itself  which  causes 
so  much  trouble.  A  captain  can  proceed  along  the  leeward  shore  in 
absolute  safety,  when  it  would  often  be  impossible  for  him  to  make 
any  headway  on  the  opposite  side  of  the  lake.  Consequently,  in 
issuing  storm  warnings  for  different  points  the  probable  direction  of 
the  wind  should  be  taken  into  consideration  in  every  case  and  no 
storm  warning  should  be  sent  to  any  place  unless  the  expected  high 
velocity  and  direction  represent  a  wind  actually  dangerous  to  navi- 
gation in  that  locality.  The  weather  information  can  be  distributed 
to  the  shipping  interest  by  means  of  the  press,  telephone,  telegraph, 
weather  map,  storm-warning  bulletin,  storm  signal,  marine  reporter, 
and  lake  marine  mail.  While  the  telegraph  must  be  used  by  the 
forecast  center  in  notifying  displaymen,  the  most  rapid  and  effective 
mode  of  local  distribution  is  by  the  telephone.  Through  that  agency 
the  Chicago  weather  ofiSce  is  often  able  to  disseminate  a  storm-warning 
message  to  more  than  one  hundred  points  in  the  city  within  a  few 
minutes. 

Mr.  Conger.  The  subject  which  has  been  assigned  me  at  this  time 
is  one  that  requires  much  thought.  Constant  attention  to  the  marine 
interests  of  the  Great  Lakes  alone  will  enable  us  to  arrive  at  a  satis- 
factory conclusion  as  to  the  best  solution  of  our  problems.  In-order 
to  make  our  n\eaning  more  plain  we  shall  be  compelled  to  delve  into 
ancient  facts  and  recent  history,  and  show  the  immense  importance 
of  the  traffic  on  these  inland  seas.  I  trust  you  will  bear  with  me 
in  the  somewhat  dry  figures  that  will  be  used  to  indicate  the  value 
of  the  shipping  and  the  number  of  lives  that  the  vessels  carry,  all  de- 
pendent on  the  careful  watchfulness  of  the  Weather  Bureau. 

There  are  many  at  this  Convention  who  probably  are  not  familiar 
with  the  shipping  of  the  Great  Lakes  or  with  the* class  of  tonnage 
that  floats  on  the  broad  bosom  of  these  mighty  fresh  water  oceans. 
For  your  information  it  may  be  stated  that  more  tonnage  passes  the 
port  of  Detroit  annually  than  the  combined  tonnage  of  our  Atlantic, 
Gulf,  and  Pacific  coasts.  There  are  passenger  steamers  plying  on 
these  waters  finer  in  their  equipment  than  any  ocean  steamer  afloat 
at  the  present  time.  These  particular  steamers  are  exclusively  for 
passenger  traffic,  and  do  not  carry  a  pound  of  freight  during  the 
season  they  are  in  commission.  We  may  call  attention  to  the 
steamer  Christopher  Columbus,  the  great  whaleback  passenger  steamer, 
the  like  of  which  floats  on  no  other  body  of  water.  It  may  be 
stated  that  during  the  busy  season  of  the  year  an  average  of  100 
vessels  pass  Detroit  every  twenty-four  hours,  or  one  every  fourteen 
minutes;  for  twelve  hours  there  have  been  84  recorded  passages,  and 
for  one  hour  a  maximum  number  of  57,  making  the  average  nearly 
one  every  minute. 

Of  the  large  freight  boats  now  plying  on  the  Great  Lakes,  two  rep- 
resentative fleets  may  be  mentioned:  The  Pickands,  Mather  Com- 
pany's fleet  of  fifty-one  vessels,  which  is  the  largest  fleet  handled  by 
an  individual  firm,  and  the  Bessemer  Steamship  Company's  fleet, 
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which  represents  the  best  type  of  the  largest  freight  boats  floating  on 
the  lakes  at  the  present  time. 

The  Pickands,  Mather  Company's  fleet  consists  of  21  steamers  and 
30  barges,  which  are  used  principally  to  carry  iron  ore  from  the  head 
of  Lake  Superior  to  either  Lake  Michigan  or  Lake  Erie  ports. 

If  this  entire  fleet  were  placed  bow  to  stern  it  would  make  a  line  of 
vessels  3  miles  long,  and  if  loaded  with  ore  would  carry  at  one  time 
184,300  tons ;  the  valuation  of  the  vessels  and  cargo  would  amount 
to  nearly  $7,200,000;  this  immense  cargo,  if  loaded  on  ore  cars  for 
shipment  to  the  smelting  furnaces,  would  require  6,143  cars  and  would 
make  a  train  42  miles  long.  It  takes  572  persons  to  make  up  the 
crews  of  this  fleet. 

The  Bessemer  fleet  contains  among  its  vessels  the  largest  steamers 
and  the  largest  barges,  and  is  representative  of  the  higher  class  of 
freighters  at  the  present  time.  The  steamer  Samuel  F.  B.  Morse, 
launched  this  season,  is  476  feet  over  all,  60  feet  beam  and  30  feet 
deep.  Her  capacity  on  17  feet  mean  draft  is  6,000  gross  tons  of  iron 
ore,  225,000  bushels  of  wheat,  or  430,000  bushels  of  oats.  She  has 
quadruple  engines  of  2,700  horse  power.  On  a  recent  trip  with  a 
slow  running  wheel  she  made  14^  miles  per  hour  light,  and  13^  miles 
loaded.  With  a  fast  running  wheel  she  is  expected  to  make  17  miles 
per  hour  light.     She  has  four  Scotch  boilers  13^  feet  in  diameter. 

The  barges  John  A.  Roebling  and  John  Fritz  are  twin  ships.  They 
are  each  456  feet  long  over  all,  50  feet  beam  and  29  feet  deep.  Their 
capacity  is  7,000  gross  tons  of  iron  ore  on  17  feet  mean  draft,  or 
260,000  bushels  of  wheat  or  about  one-half  million  bushels  of  oats. 
It  should  be  stated  in  connection  with  the  S,  F.  B.  Morse  that  she  was 
intended  to  tow  the  Roebling  and  possibly  the  Fritz  also,  so  that  these 
three  boats  would  move  20,000  gross  tons  of  ore  and  nearly  three- 
quarters  of  a  million  bushels  of  wheat  and  a  million  and  a  half 
bushels  of  oats.  There  are  in  this  fleet  21  ships  in  all,  17  of 
which  have  a  capacity  of  upward  of  5,000  gross  tons.  The  21  ships 
will  carry  about  105,000  gross  tons  per  trip.  With  fair  dispatch 
twenty  trips  per  season  can  be  made,  loading  only  one  way,  carrying 
somewhat  more  than  2,000,000  gross  tons.  Loading  both  ways  they 
will  carry  about  three  and  a  quarter  to  three  and  one-half  millions 
gross  tons,  or  upward  of  70,000,000  bushels  of  wheat  in  a  season. 
Allowing  20  bushels  of  wheat  to  the  acre  this  fleet  would  carry  the 
product  of  3,500,000  acres  of  land  and  would  supply  every  man, 
woman,  and  child  in  the  United  States  with  a  bushel  of  wheat.  The 
crews  average  24  to  25  men  each.  The  cost  of  this  great  fleet  was 
about  $4,000,000,  and  it  will  carry  between  $5,000,000  and  $6,000,000 
worth  of  ore  during  one  season,  loading  only  one  way. 

When  the  Signal  Service  was  first  organized  in  1871,  the  class  of 
tonnage  was  very  much  smaller,  in  fact  up  to  1874,  according  to 
Beeson's  guide  of  vessels  now  afloat,  there  was  not  a  single  vessel  that 
would  register  1,000  tons,  and  only  one  between  1874  and  1880  that 
registered  over  1,000.  The  great  increase  in  size  of  vessels  began  about 
1887,  and  this  increase  has  continued  until  the  present  year  when  the 
maximum  was  reached  in  the  construction  of  the  S.  F.  B.  Morse ^  the 
Roebling,  and  Fritz, 

The  large  tonnage  floating  on  these  great  bodies  of  water  requires 
to  be  well  looked  after  by  the  Bureau,  which  is  by  law  assigned  to  this 
particular  work ;  and  therefore  I  desire  to  call  attention  to  certain 
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points  which  have  impressed  themselves  on  me  daring  my  experience 
on  these  lakes. 

The  forecasts  best  calcalated  to  aid  maritime  interests  on  the 
Great  Lakes  are  those  which  give  the  latest  information  aboat  storm 
movements,  and  must  issue  from  experienced  forecast  officials, 
who  thoroughly  understand  the  conditions  they  are  endeavoring  to 
meet.  It  is  important  for  the  forecast  official  to  know  the  localities 
for  which  he  is  issuing  the  warnings,  in  order  that  they  may  be  of 
the  most  service  to  them.  For  instance,  high  south  winds  are  not 
dangerous  on  the  south  shore  of  Lake  Superior,  but  it  is  next  to 
impossible  to  put  this  information  where  it  will  be  of  service  to  the 
navigators  who  are  on  the  fairway  between  Whitefish  and  Keweenaw 
points.  Vessels  leaving  Marquette  with  a  south  gale  simply  keep 
along  shore  and  in  comparatively  smooth  water.  The  reverse  is 
serious,  as  northerly  gales  cause  damage  along  the  entire  southern 
shore  of  this  lake.  Again,  on  Lake  Erie,  southerly  gales — that  is, 
from  the  southeast  or  south — ^are  of  no  serious  import,  but  when  the 
wind  shifts  to  the  southwest,  then  trouble  begins  and  masters  are  on 
the  lookout.  South-shore  Lake  Erie  ports  are  easily  entered  with 
south  winds,  but  with  southwest  to  north  winds  it  is  difficult  to  make 
an  entry  into  these  harbors,  as  most  of  them  have  narrow  openings 
between  piers  to  the  inner  harbor.  For  this  reason  southeast  signals 
should  not  be  displayed  on  Lake  Erie,  but  an  advisory  message  should 
be  sent  instead.  In  the  record  of  twenty-six  years  and  of  over  sixty- 
five  southeast  signals  ordered  at  Detroit,  only  five  have  been  verified 
by  high  southeast  winds.  Now,  on  the  east  end  of  Lake  Ontario  the 
southeast  signal  has  great  importance,  as  tow  barges  leaving  the  St. 
Lawrence  River  for  Oswego  encounter  very  heavy  seas  from  southeast 
gales,  and  in  consequence  are  obliged  to  lay  to  at  Cape  Vincent. 

Southeast  gales  are  not  so  serious  on  Lake  Huron  as  are  those 
from  a  northerly  direction.  Brisk  northerly  winds  for  some  hours 
will  cause  more  vessels  to  seek  shelter  on  the  southern  end  of  the 
lake  than  a  heavy  southwest  gale.  One  point  in  the  displaying  of 
signals  I  would  desire  to  impress  on  all  who  have  occasion  to  forecast 
for  the  lakes,  and  that  is,  an  easterly  signal  should  not  be  displayed 
when  it  is  anticipated  that  the  wind  will  shift  to  the  westerly  before 
the  expiration  of  the  time  limit.  I  mean  that  a  southeast  signal 
should  not  be  displayed  when  it  is  expected  that  the  wind  will  shift 
to  the  southwest  or  west  before  the  expiration  of  the  24-hour  period. 
In  using  the  terms  "easterly"  and  "westerly"  signals,  I  mean  north- 
east to  southeast  for  "easterly"  and  southwest  to  northwest  for 
"  westerly."  On  all  the  lakes  the  shift  of  the  wind  from  east  to  west 
quadrants  is  of  great  importance,  and  it  should  be  the  object  of  the 
forecast  official  to  anticipate  this  change.  The  forecast  official  has 
in  his  hands  the  power  to  anticipate  these  changes,  which  are  of 
great  importance  to  the  maritime  interests  of  the  Great  Lakes.  He 
can  call  for  special  observations  whenever,  in  his  judgment,  they  are 
needed.  When  a  ^torm  is  advancing  across  the  lakes,  these  special 
observations  are  vitally  important  in  assisting  to  anticipate  the 
wind  changes,  and  I  believe  it  good  policy  to  make  free  use  of  the 
telegraph  during  the  time  signals  are  displayed.  It  would  be 
much  more  effective  to  hoist  a  southwest  storm  signal  instead  of 
southeast  should  it  be  apparent  that  the  wind  will  shift  to  the  south- 
west before  the  expiration  of  the  time  period.    That  the  gale  will  set 


23 

in  first  from  the  southeast  and  then  shift  to  the  southwest  should  be 
incorporated  in  the  message  ordering  the  signal.  It  is  the  duty  of 
the  forecast  ofiicial  to  anticipate  the  shift  of  wind,  and  not  wait  until 
the  shift  has  arrived  and  then  change  the  signal.  Masters  of  ves- 
sels have  commented  on  this  delinquency  on  the  part  of  the  Bureau, 
'  and  in  doing  so  indicate  that  the  Bureau  is  slow  to  act. 

During  the  time  period  the  forecast  ofiicial  should  be  allowed  to 
change  the  signal  from  one  direction  to  another,  and  this  change 
I*  should  not  affect  his  verifications.      The  changing  of  the  signal  from 

northeast  to  northwest  should  not  affect  the  northeast  order  if  the 
verifying  velocity  come  after  the  change  was  made  and  before  the  ex- 
piration of  the  time  limit. 

Signals  should  be  changed  from  one  direction  to  another  as  neces- 
sity requires,  and  as  indicated  by  the  storm  movement.  It  is  not 
favorable  to  the  Bureau  to  have  easterly  signals  flying  while  a  west- 
erly storm  is  in  progress,  and  this  is  one  of  the  most  important 
points  I  wish  to  make. 

The  Bureau  should  furnish  the  master  with  the  latest  information  it 
has,  and  allow  him  the  privilege  of  sailing  his  ships  as  best  he 
may,  using  the  information  furnished  by  the  Bureau  as  his  best 
judgment  dictates.  A  gale  of  40  miles  may  be  just  what  one  master 
desires  to  assist  him  on  his  course,  while  another,  going  in  the  oppo- 
site direction,  must  lay  to,  awaiting  better  conditions.  It  is  enough 
for  the  Bureau  to  accomplish  to  have  placed  within  the  reach  of 
masters  the  opinions  of  our  careful  and  experienced  forecast 
officials.  The  masters  will  heed  the  warnings  and  sail  their  vessels 
so  as  to  subserve  their  individual  interests.  It  is  our  part  to  have 
the  very  best  and  latest  information  of  storm  movements,  and  see 
that  it  is  promptly  placed  where  the  masters  can  have  access  to  it; 
it  is  the  part  of  the  master  to  use  this  information  so  as  to  promote 
the  interests  of  those  he  is  serving. 

The  shifting  of  the  wind  during  a  storm  period  is  a  matter  of  vital 
importance  to  all  mariners  and  should  be  especially  looked  to  in 
making  forecasts  and  ordering  signals.  When  this  point  is  well 
grounded,  and  the  signals  are  changed  promptly,  I  am  of  the  opinion 
that  the  forecasts  of  to-day  are  well  suited  to  the  needs  of  the 
marine  interests. 

Advisory  telegrams  should  replace  signals  where  the  winds  are  not 
of  sufiicient  importance  to  warrant  display ;  the  methods  of  distri- 
'^  bution  are  so  systematic  at  the  present  time  that  no  interest  will  be 

neglected  by  so  doing.  One  decided  improvement  made  in  the  past 
year  is  the  displaying  of  signals  only  for  important  storms,  and  the 
use  of  the  advisory  message  for  warnings  during  the  passage  of 
minor  storms  or  those  which  cause  local  disturbances  only.  This  has 
been  commented  on  very  favorably  by  the  mariners,  and  in  conse- 
quence more  attention  is  paid  to  the  display  of  signals.  The  signals 
are  now  only  displayed  for  important  storms,  and  no  important 
storm  has  passed  over  the  Lake  region  during  this  period  for  which 
signals  were  not  displayed  in  advance. 

In  speaking  of  local  needs  it  should  be  taken  into  consideration 
that  vessels  sailing  between  Buffalo  and  Detroit  have  no  means  of 
obtaining  information  from  the  Bureau  if  they  keep  on  their  regu- 
lar course.  This  is  an  argument  for  the  discontinuance  of  the  south- 
east signal  on  the  south  shore  of  the  lake,  as  all  harbors  on  the  south 
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shore  can  be  entered  with  safety  during  south  or  southeast  winds, 
but  not  during  ther  southwest,  w^est,  or  northerly  winds. 

METHODS   OF   DISTRIBUTING   FORECASTS   AND   STORM   WARNINGS. 

A  forecast  of  the  wind  direction  and  force  is  sent  to  each  wind  sig- 
nal display  station  on  the  lakes  daily ;  the  forecasts  for  all  the  lakes 
are  sent  to  the  regular  stations ;  the  forecasts  for  the  upper  Lakes 
issue  from  Chicago,  and  those  for  the  lower  Lakes  (Erie  and  Ontario) 
from  Washington. 

These  forecasts  are  posted  in  all  the  prominent  places  where  shipping 
interests  demand  them.  At  the  wind-signal  display  stations  the  mas- 
ters of  vessels  lying  in  port  are  furnished  with  a  copy  of  the  daily  fore- 
casts and  of  all  storm  warnings. 

The  improvement  in  the  distribution  of  the  daily  forecasts  and 
storm  warnings  has  been  very  marked  during  the  past  year;  in  the 
past  three  years  more  progress  has  been  made  in  the  matter  of  fur- 
nishing promptly  the  information  of  the  Bureau  to  the  masters  than 
in  the  entire  history  of  the  service  prior  to  1895.  When  it  is  consid- 
ered that,  with  one  or  two  exceptions,  the  masters  of  steamers  are  in 
daily  communication  with  the  Bureau  and  are  furnished  with  the 
latest  information,  it  may  be  understood  how  far  reaching  and  sys- 
tematic is  the  present  method  of  distribution  of  the  daily  forecasts 
and  storm  warnings.  Let  us,  for  illustration,  consider  a  steamer  going 
from  Buffalo  to  Duluth.  Before  she  leaves  port,  the  master  finds  in 
his  home  oflSce  a  copy  of  the  forecasts  for  the  next  thirty-six  hours 
and  timely  warnings  of  approaching  storms.  As  he  passes  Detroit  a 
weather  map  is  placed  in  his  hands  by  the  excellent  marine  postal 
service  at  that  point,  and  if  a  storm  signal  is  flying,  a  copy  of  the 
warning  message ;  should  it  be  at  night,  in  addition  to  the  above,  he 
is  supplied  with  a  copy  of  the  p.  m.  report,  giving  the  direction  and 
force  of  wind  at  all  lake  stations.  On  his  way  up  the  St.  Clair  River 
it  may  be  that  an  important  storm  warning  has  been  issued ;  there- 
fore, as  he  passes  Port  Huron,  the  marine  reporter  there  hands  him  a 
copy  of  this  warning.  He  passes  up  the  lake,  and  the  next  day 
reaches  the  Sault;  there  he  finds  a  weather  map  at  the  window  of  the 
office  where  he  hands  in  his  report  to  the  ofiicials  of  the  canal,  and 
very  likely  he  meets  our  representative  on  the  locks,  who  gives  him 
the  latest  information  and  at  the  same  time  adjusts  his  barometer. 
After  he  leaves  the  Sault  and  until  he  reaches  Duluth,  a  space  of 
thirty-six  to  forty  hours,  he  is  without  direct  information  from  the 
Bureau,  but  he  has  the  benefit  of  the  display  of  signals  at  Whitefish 
Point,  Deer  Park,  or  Eagle  Harbor,  and  when  he  again  reaches  Duluth 
finds  the  weather  maps  and  storm  warnings  placed  conveniently  at 
his  hand.  Again,  should  he  be  sailing  for  Chicago,  'he  is  met  by 
oar  displayman  at  the  Straits  of  Mackinac  and  given  a  copy  of 
the  forecasts  or  storm  warnings.  At  important  points  along  his 
entire  path  are  situated  special  wind-signal  display  stations,  where 
storm  signals  are  displayed,  which  indicate  the  direction  and  force 
of  the  wind,  so  that  the  safeguards  of  the  Bureau  are  constantly 
within  his  reach.  If  he  is  at  one  of  the  display  stations  and  desires 
later  information  than  the  displayman  has,  it  is  his  privilege  to  tele- 
graph for  it  at  the  expense  of  the  Government  either  to  Buffalo  or 
Chicago.     Even  should   he  be  in  port  where  there  is  no  Weather 
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Bureau  station  still  he  can  telegraph  for  this  information  and  it  will 
not  cost  him  a  penny.  The  only  requirement  of  the  Bureau  is  that 
he  shall  give  other  masters  in  the  harbor  the  benefit  of  the  informa- 
tion which  has  been  freely  given  him.  Can  anything  be  more  com- 
plete than  this  for  the  protection  of  the  mariner  on  the  lakes?  Is  it 
possible  to  throw  around  him  further  safeguards  than  the  Weather 
Bureau  is  now  doing? 

It  is  not  necessary  to  go  into  details  relative  to  the  distribution  of 
the  forecasts  and  storm  warnings  at  our  regular  stations,  as  it  is  well 
known  that  these  are  posted  in  all  prominent  places,  and  when  storm 
warnings  are  issued  or  the  conditions  of  weather  are  unfavorable  the 
telephone  and  telegraph  are  used  freely  to  spread  the  information 
broadcast.  It  is  different  with  our  displaymen.  We  employ  men  at 
the  different  points  where  our  wind-signal  stations  are  located  to  dis- 
play the  signals  and  to  render  the  regular  monthly  reports  during 
the  season  of  navigation.  These  men  post  copies  of  the  warnings  in 
their  offices  and  display  the  signals  and  answer  such  questions  as 
may  be  asked  by  masters  who  visit  their  offices.  But  these  men  have 
other  business  to  attend  to;  the  amount  of  salary  paid  them  for 
the  display  of  signals  is  not  large.  However,  I  have  found  them  to 
be  ready  and  willing  to  assist  so  far  as  possible  in  improving  the 
means  of  distributing  the  forecasts  and  storm  warnings.  The  daily 
forecasts  for  the  Lakes  were  first  issued  during  last  fall.  At  the 
opening  of  navigation  in  the  spring  copies  of  these  forecasts  were 
sent  to  all  the  wind-signal  displaymen,  with  instructions  to  post 
them  at  two  or  three  important  points.  This  was  done,  yet  it  was 
found  that  the  method  of  distributing  these  forecasts  could  be  still 
further  improved,  and  the  logotype  system  was  introduced,  and  now 
the  displaymen  stamp  the  message  on  a  number  of  the  forecast  cards 
which  are  freely  distributed  to  all  points  where  the  navigators 
congregate  or  where  the  marine  interests  demand  these  forecasts. 
This  system  has  been  gradually  introduced  at  the  stations  so  that 
eventually  each  station  will  furnish  every  master  in  port  with  a  copy 
of  the  forecasts  and  storm  warnings.  The  prime  object  is  to  place 
these  forecasts  within  the  reach  of  all  masters  on  the  Lakes  so  far  as 
it  lies  within  the  power  of  the  Chief  of  Bureau  to  do  so. 

Night  8ignal8, — At  every  station  where  business  interests  demand 
it  night  signals  are  displayed.  Where  possible,  electric  lights  have 
been  introduced  this  season.  These  are  visible  at  a  greater  distance 
than  the  oil  lamps  and  do  not  go  out  during  the  night  as  oil  lamps 
do.  With  high  winds  the  oil  lamps  knock  against  the  staff  and  are 
jarred  out,  and  so  it  sometimes  happens  that  where  we  anticipate 
that  our  signals  are  burning  and  doing  good  service  it  is  found  that 
they  have  not  been  burning  for  a  large  portion  of  the  night.  In  this 
connection  it  is  proper  to  bring  forward  the  subject  of  a  permanent 
staff  for  the  display  of  signals  and  the  method  of  fixing  the  signal 
lanterns  to  the  staff.  An  iron  or  steel  tripod  50  feet  high  with  a  pole 
extending  30  feet  above  the  top  would  make  a  substantial  permanent 
staff  and  the  lanterns  can  be  fixed  to  these  so  as  to  make  a  very  cred- 
itable display,  and  the  signal  lights  would  not  be  extinguished  during 
high  gales,  when  they  are  of  the  most  importance. 

Our  telephone  service, — The  Bureau  maintains  two  important  tele- 
phone lines  which  have  paid  many  times  for  their  installation  and 
maintenance.     I   refer   to   the  lines    between  Alpena  and  Thunder 
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Bay  and  Middle  Islands.  These  lines  were  established  at  a  cost  of 
$20,000,  and  have  been  used  extensively  in  saving  vessels  and  property. 
In  one  instance  the  use  of  these  lines  was  the  means  of  saving  a  steamer 
and  cargo,  the  value  of  which  was  placed  at  $750,000,  and  many  other 
instances  could  be  given  of  the  great  value  these  lines  have  been  to 
the  marine  interests  of  the  Great  Lakes.  Alpena,  lying  so  far  in  on 
Thunder  Bay,  is  of  very  little  service  to  vessels  on  the  fairway  of 
Lake  Huron,  but  these  vessels  pass  one  or  both  of  our  display  sta- 
tions on  Middle  Island  and  Thunder  Bay  Island  on  their  way  up  and 
down  the  Lake  close  enough  to  see  the  signals.  We  also  maintain 
telephone  service  with  the  Life-Saving  stations  at  Pointe  Aux  Barques, 
Lake  Huron,  and  at  Big  Sable  Point,  Lake  Michigan,  signals  being 
displayed  at  both  points,  and  the  telephone  lines  frequently  used  for 
the  protection  and  saving  of  vessel  property.  These  stations  have 
been  of  such  value  to  the  marine  interests  that  it  is  proper  to  state 
a  telephone  line  between  the  mainland  and  South  Manitou  Island, 
Lake  Michigan,  would  also  be  of  great  service  to  the  Bureau  and  the 
mariners. 

In  concluding  this  somewhat  lengthy  paper  I  desire  to  call  atten- 
tion to  one  or  two  stations  where  reports  would  be  of  great  service  to 
the  marine  interests  and  enhance  the  value  of  the  information  given 
out  by  the  Bureau.  One  is  at  Mackinaw,  where  the  vessels  pass  to 
and  fro  in  the  mighty  commerce  of  the  lakes ;  one  at  Eagle  Harbor, 
on  the  extreme  point  of  Keweenaw ;  a  third  is  at  Whitefish  Point. 
The  first,  because  all  vessels  are  reported  from  Mackinaw,  and  when 
we  had  a  station  there  it  was  used  as  much  by  the  marine  interests 
as  any  on  the  lakes;  second,  Keweenaw  Point  juts  out  into  Lake 
Superior  and  causes  vessels  to  make  a  long  detour  to  get  around  it, 
and  we  have  no  reports  from  that  section  of  the  lake.  I  am  con- 
vinced that  Marquette  does  not  give  the  proper  record  from  that  por- 
tion of  the  lake.  Several  very  serious  disasters  have  occurred  along 
this  peninsula  during  the  past  few  years.  Third,  at  Whitefish  Point 
vessels  lay  to  in  stormy  or  foggy  weather,  and  being  some  60  miles 
from  the  Sault  as  well  as  at  the  outlet  proper  of  Lake  Superior, 
the  wind  and  weather  conditions  are  very  different  from  those  re- 
ported from  the  Sault.  This  can  be  simply  illustrated  by  consider- 
ing the  reports  during  the  past  season  on  Lake  Huron  from  Alpena 
and  Middle  Island.  At  the  latter  point  the  wind  is  always  stronger 
and  often  varies  in  direction  from  that  reported  at  Alpena,  some  15 
miles  away  on  the  bay. 

Finally,  two  important  points  should  ever  be  kept  in  view;  first, 
that  the  storm  signal  should  only  be  displayed  for  important  storms, 
advisory  messages  at  other  times;  second,  that  an  easterly  signal 
should  never  be  displayed  during  the  prevalence  of  westerly  gales, 
since  the  systematic  methods  of  distribution  of  forecasts  and  storm 
warnings  serve  to  assure  the  forecaster  that  each  master  has  such  in- 
formation in  his  possession  as  promptly  as  possible. 

Mr.  Mitchell.  I  would  like  to  ask  if  Mr.  Conger  can  give  us  the 
relative  difference  between  the  velocity  of  winds  prevailing;  that 
is,  is  a  25-mile  wind  from  the  east  as  dangerous  as  a  30-mile  wind 
from  the  west. 

Mr.  Conger.  It  is  not  a  question  of  velocity  of  wind.    So  far  as 
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velocity  is  concerned,  there  is  no  particular  diflference  whether  it  is 
easterly  or  westerly.  There  is  no  particular  point  as  regards  the 
danger  from  wind  velocity ;  it  is  simply  a  question  of  the  location  of 
the  cities. 

Mr.  Mitchell.  I  ask  the  question  because  there  is  some  similarity 
between  the  conditions  prevailing  on  the  lakes  and  those  on  the 
south  Atlantic  coast.  A  wind  velocity  of  60  miles  an  hour  from  the 
southwest  is  not  so  much  to  be  dreaded  as  a  wind  of  25  or  80  miles 
from  the  northeast.  Of  course  southwest  and  west  winds  are  off- 
shore, while  the  other  is  from  the  ocean. 

(6)  Are  the  present  warnings  and  displays  by  flag  and  lantern  the  best 
that  can  be  devised  for  the  Atlantic  and  Gulf  coasts  f 

John  W.  Smith,  Boston,  Mass.,  and  Aubx.  G.  MoAdib,  New  Orleans,  La. 

Mr.  Smith.  In  so  far  as  has  been  indicated  to  me  by  expression  from 
the  public  and  from  those  especially  interested  in  wind  signals  the 
present  storm  warnings  are  satisfactory.  I  am  personally  acquainted 
with  the  officials  and  numerous  members  of  the  Boston  Pilot  Associa- 
tion and  the  Marine  Department  of  the  Boston  Chamber  of  Com- 
merce, also  with  many  masters,  owners,  and  agents  of  vessels  plying 
the  waters  of  the  Atlantic  and  Gulf  coasts.  In  discussing  the  matter 
of  wind  signals  with  them  on  various  occasions  I  have  heard  no  ex- 
pression of  dissatisfaction  with  the  lanterns  and  flags  as  now  used. 
Neither  have  suggestions  been  offered  for  improving  the  signals.  On 
the  other  hand,  I  have  often  heard  the  same  parties  commend  the 
Bureau  in  the  highest  possible  terms  for  timely  warnings  that  have 
proved  of  the  utmost  value  in  saving  life  and  property.  *  While  all 
this  is  true,  and  while  the  present  system  of  wind-signal  warnings 
might  continue  without  complaint,  unfavorable  comment  or  adverse 
criticism,  I  am  strongly  of  the  opinion  there  is  great  opportunity  for 
valuable  improvement,  particularly  in  the  day  or  flag  signals.  I 
have  for  a  long  time  entertained  decided  ideas  as  to  how  the  flag 
signals  might  be  improved,  providing  flags  must  be  used.  Some  of 
these  ideas  have  been  expressed  to  the  Chief  of  Bureau  by  me  in  let- 
ters and  reports.  I  am  of  the  opinion  that  the  colors  of  the  flags, 
used  should  have  no  significance  or  meaning.  My  reason  for  this 
opinion  is  that  the  flags  are  most  frequently  displayed  when  the 
weather  conditions  are  such  that  it  is  difficult,  if  not  quite  impossible, 
to  discern  or  distinguish  colors  at  any  considerable  distance.  This 
statement  is  based  on  knowledge  obtained  from  personal  observation 
at  various  times  and  places.  I  think  that  perhaps  this  defect  in  our 
present  system  of  warnings,  might  be  overcome,  to  a  large  extent  by 
using  flags  of  various  forms,  such  as  square  and  oblong;  also  pen- 
nants and  streamers,  and  let  the  warnings  be  conveyed  in  this  way, 
rather  than  through  the  colors.  I  believe  that  the  shape  of  the 
flags  and  their  positions  in  the  display  or  hoist  could  often  be  dis- 
tinguished when  the  colors  would  not  be  visible.  This  system  of  dis- 
play would  probably  be  more  economical  than  the  present  one  from 
the  fact  that  the  flags  as  now  used  must  often  be  discarded  on  ac- 
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couDt  of  being  discolored,  while  yet  otherwise  in  good  condition. 

I  am  farther  of  the  opinion  that  a  more  decided  improvement  could 
be  made  by  wholly  discontinuing  the  use  of  flags  and  following  some- 
what the  Canadian  and  other  services  by  substituting  cones,  drums, 
and  cubes.  It  is  well  known  that  flags  can  not  be  seen  even  under 
favorable  weather  conditions  when  flying  to  or  from  the  observer,  or 
in  the  line  of  vision,  nor  when  hanging  limp  in  calm  weather.  This 
defect  could  be  overcome  by  the  use  of  fixed  symbols,  something  after 
the  pattern  I  have  mentioned  or  proposed,  or  perhaps  by  the  use  of 
semaphores.  I  am  convinced  that  some  such  improvement  in  the 
flags  or  day  signals  would  be  a  most  valuable  and  highly  appreciated 
addition  to  the  system  of  storm  warnings  of  the  United  States 
Weather  Bureau.  To  discontinue  the  use  of  flags  would  doubtless 
entail  quite  an  additional  expense  for  signal  equipments.  This,  how- 
ever, would  be  in  the  beginning  only,  for  after  once  being  installed, 
I  am  confident  the  cost  of  maintenance  of  the  new  system  would  be 
much  less  than  for  flags.  I,  therefore,  suggest  and  recommend  that 
the  matter  of  the  change  in  the  flags  or  their  discontinuance  and  the 
adoption  of  a  new  system  of  signals  receive  careful  attention  and  con- 
sideration. 

In  connection  with  the  display  of  flags  as  now  used,  I  favor  and 
recommend  a  more  frequent,  in  fact  a  very  liberal  use  of  the  infor- 
mation signal.  This  oftimes  affords  valuable  information  to  the 
marine  interests  when  it  is  impracticable  to  issue  a  deflnite  warning. 
In  fact,  I  am  almost  convinced  that  at  times  the  information  signal 
is  all  the  warnibg  that  is  required.  •  In  my  opinion  another  weak 
point  in  our  flag  warnings,  is  that  the  orders  for  a  change  in  flags  in- 
dicating a  shift  or  change  in  the  wind  direction  are  received  too  late, 
or  after  the  wind  has  changed.  The  original  display  or  hoist  of 
flags  should  therefore,  when  possible,  be  such  as  to  express  the  direc- 
tion to  which  the  wind  will  most  likely  shift.  If  this  is  impracticable, 
then  the  orders  to  change  the  signals  should  be  issued  in  due  season. 
I  think  the  opportunity  for  improvement  in  this  direction  is  great. 

Another  matter  which  I  think  might  be  considered  is  the  display 
of  the  hurricane  signal.  I  am  not  favorably  disposed  toward  this 
as  now  used.  As  regards  my  own  station,  Boston;  it  is  not  popular, 
and  I  sometimes  think  the  reputation,  or  credit,  of  the  Bureau  suf- 
fers at  each  display.  This  was  certainly  true  for  the  first  display  of 
the  hurricane  signal.  Perhaps  the  public  expects  too  much;  any- 
way, I  believe  it  should  be  seldom  used,  and  then  when  the  doubt  as 
to  full  verification  is  at  the  minimum.  Successful  displays  are  con- 
spicious  evidence  of  the  great  worth  of  the  Bureau. 

As  regards  the  signal  lanterns,  or  night  signals,  it  occurs  to  me 
there  is  little  opportunity  for  improvement,  where  the  standard  or 
large  electric  lanterns  are  used.  A  point  to  be  observed  in  the  use  of 
these  lanterns  is,  to  see  that  they  are  located  far  enough  apart  on  the 
staff  or  support  so  that  the  lights  do  not  blend  at  the  most  distant 
point  at  which  they  are  likely  to  be  observed  or  become  useful.  My 
lanterns  are  twelve  feet  apart.  They  were  originally  six,  but  it  was 
ascertained  by  test  that  the  distance  should  be  increased  to  twelve 
feet.  I  believe  these  remarks  cover  the  principal  points  wherein  my 
knowledge  and  experience  lead  me  to  believe  improvements  can  be 
made  in  the  flags  and  lanterns  as  now  used  for  the  Atlantic  and  Gulf 
coasts. 
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Mr.  McAdie.  Every  signal  may  be  considered  from  at  least  three 
different  standpoints.  First,  we  have  the  signal  as  it  is  made ;  second, 
we  have  to  deal  with  the  transmission  of  the  signal  and  the  various 
ways  in  which  communication  can  be  maintained ;  third,  we  must 
consider  the  signal  as  it  reaches  the  receiving  station  and  the  means 
there  at  hand  to  make  the  signal  of  real  value.  To  illustrate:  A  mes- 
sage wigwagged  from  the  shore  to  a  man  at  sea  in  a  boat  without  oars 
and  entirely  unable  to  move  toward  the  shore  is  of  doubtful  value, 
unless  the  means  of  relief  are  at  hand.  Again,  a  light  burning  on 
the  shore  and  obscured  by  fog  is  valueless.  A  signal  transmitted  by 
air  waves  as  with  sirens  may  be  deflected  and  rendered  misleading. 

Under  the  first  heading,  that  of  the  signal  itself,  we  must  consider 
legibility  and  ease  of  interpretation.  Again,  signals  must  be  durable, 
economical,  simple.  On  all  these  points,  I  think  that  the  Weather 
Bureau  signals  in  present  use  can  not  be  very  much  improved  upon. 
I  do  not  agree  with  those  who  advocate  the  semaphore,  cone,  and  ball, 
and  other  devices. 

Under  the  second  heading,  "Methods  of  communication,"  I  hold 
that  the  best  signal  is  a  telegraphic  or  telephonic  message  sent  directly 
to  the  party  most  interested.  I  do  not  believe  that  our  signals,  espe- 
cially storm  signals,  as  displayed  on  the  roof  of  some  one  high  build- 
ing in  the  heart  of  a  great  city  are  of  much  value  to  the  community. 
It  has  been  my  experience  that  whenever  such  a  signal  is  displayed 
the  public  makes  reference  to  the  small  cards  explaining  such  signals. 
The  mere  fact  that  such  a  card  of  explanation  is  necessary  is  to  my 
mind  proof  that  the  system  is  too  complex.  Our  hurricane  signal  is 
distinctive,  so  also  is  the  information  signal.  Our  other  signals  are 
confusing.  The  attempt  to  convey  information  of  wind  direction  in 
a  signal  is  not  always  successful.  The  value  of  wind  directions  varies 
with  localities.  What  is  a  dangerous  wind  in  one  locality  is  a  desir- 
able wind  in  another.  Moreover,  the  wind  changes  direction  in  some 
localities  very  suddenly.  With  our  northers,  winds  have  been  known 
to  change  in  the  space  of  five  minutes,  and  signals  have  been  dis- 
played for  southeasterly  wind  in  the  face  of  howling  northers.  In 
all  such  cases  the  information  signal  should  be  displayed  and  the 
local  oflBce  trusted  to  distribute  all  other  information  about  the 
storm. 

Finally,  far  too  many  signal  orders  are  issued.  Advisory  messages 
are  far  preferable  to  signal  messages  unless  the  disturbance  is  so 
marked  that  the  emergency  signal  is  required.  The  points  of  im- 
provement in  our  present  methods  are  fewer  signals,  many  advisory 
messages,  and  reliance  upon  the  judgment  and  skill  of  the  party 
receiving  the  signal  or  message. 

Professor  Moore.  In  regard  to  Mr.  Smith's  suggestion  that  we  use 
the  information  signal  frequently,  I  will  say  that  it  occurred  to  me, 
when  serving  on  the  lakes,  that  we  were  using  too  many — the  informa- 
tion signal,  the  cautionary  signal,  the  storm  or  storm  and  hurricane. 
I  think  the  information  signal  now  is  quite  well  superseded  by  the  fre- 
quent information  message,  a  copy  of  which  is,  at  every  port,  placed 
in  the  hands  of  the  master  of  every  vessel,  rendering  it  somewhat 
unnecessary  to  raise  the  information  signal,  which  simply  says  that 
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the  observer  has  information  useful  to  him.  We  send  the  message 
direct  to  the  master  and  obviate  the  necessity  of  putting  up  too  many 
signals. 

Now,  as  to  the  change  in  wind  direction,  I  think  both  Mr.  Conger 
and  Mr.  Smith  have  suggested  that  the  wind  direction  on  the  signal 
display  should  be  changed  before  the  wind  shifts.  We  are  assuming, 
of  course,  that  the  official  signal  went  up  in  advance  of  the  storm,  as 
it  does  in  nearly  every  case.  Now  nearly  every  vessel  master  knows 
that  if  the  indication  is  for  a  southeast  wind,  it  may  veer  to  the 
south  or  southwest,  but  if  the  signal  is  raised  for  a  northeast  wind, 
he  is  somewhat  in  doubt,  because  it  may  back  to  the  north  or  north- 
west. But  the  point  I  want  to  make  is  that  such  officials  as  Mr. 
Smith  and  Mr.  Conger  have  authority  to  change  these  signals  and 
telegraph  their  action  to  Washington.  You  also  have  not  only  dis- 
cretion but  you  are  encouraged  to  telegraph  the  Central  Office  your 
opinion  on  a  signal  at  any  time. 

Mr.  Chaffee.  I  think  the  direction  signal  is  very  important  to  the 
Atlantic  coast  intei  ssts.  At  Wilmington,  when  I  had  charge  of  that 
station  there,  and  at  the  mouth  of  Cape  Fear  River,  frequently  vessels 
would  come  out  of  the  river  from  Wilmington,  bound  across  the 
ocean;  when  they  left  Wilmington,  40  miles  up  the  river,  there 
were  probably  no  signals  at  all  displayed,  but  during  the  time  it 
took  them  to  go  down  the  river  and  pass  out,  storm  signals  would 
be  ordered  at  Wilmington  and  repeated  at  the  mouth  of  the  river. 
Now,  if  that  signal  indicated  an  offshore  wind,  the  vessel  should 
keep  on,  but  not  having  the  direction  signal  they  would  have  to  drop 
anchor,  row  8  or  10  miles  ashore,  get  information  that  the  wind  was 
fair,  up  sails,  and  get  out  to  sea.  The  direction  signal,  I  know,  in 
several  cases  has  saved  just  that  delay. 

Mr.  Sims.  I  desire  to  call  attention  to  the  fact  that  it  is  possible  to 
convey  information  of  extreme  importance  along  the  Atlantic  coast, 
and  also  in  the  Gulf  section,  by  means  of  a  simple  mechanical  con- 
trivance that  can  be  placed  within  a  distance  of  3  to  6  miles  of  a 
settlement,  which  would  give  ample  warning  to  the  settlers  of  the 
section  that  a  tornado  was  approaching  or  a  wind  velocity  of  from 
40  to  60  or  80  miles  an  hour,  or  any  velocity  you  deem  it  important 
for  them  to  have  knowledge  of.  You  simply  make  a  loop  in  the 
telegraph  line  at  a  point  from  5  to  6  miles  from  the  settlement,  and 
upon  every  pole  of  the  loop  place  a  pointer  properly  weighted,  and 
also  a  small  board  guyed  with  a  wire  capable  of  standing  a  strain  of 
40  miles  per  hour,  or  more;  when  the  wind  attains  a  velocity  of  41 
or  42  miles  that  wire  will  be  broken,  the  circuit  completed,  and  an 
alarm  sounded  in  the  settlement  that  will  give  workers  in  the  field 
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from  five  to  ten  minutes  to  hie  to  places  of  safety.  Also,  with  slight 
alterations,  the  contrivance  alluded  to  would  serve  a  good  purpose  in 
the  vicinity  of  reservoirs  and  places  where  water  is  stored. 

Professor  Hazen.  We  are  somewhat  at  a  disadvantage  here  in  that 
each  one  is  looking  at  the  question  from  a  different  standpoint.  I 
have  noticed  that  of  those  who  have  spoken  one  has  advocated  one 
thing,  and  another  just  the  opposite.  Now  the  forecaster  at  Wash- 
ington is  in  a  quandary  to  know  how  he  is  to  satisfy  all  interests,  and 
we  must  be  very  careful  to  bear  in  mind  that  the  larger  steamers  are 
not  the  only  vessels  we  are  warning.  They,  especially  sea-going 
steamers,  care  very  little  for  signals,  but  on  the  lakes  we  have  coal 
barges  which  can  not  stand  a  wind  of  perhaps  30  miles  without  being 
sunk,  and  on  the  sea  coast  we  have  vessels  which  demand  the  signal 
larger  vessels  do  not  care  for.  Now,  it  seems  to  me  that  while  the 
message  is  all  right  for  the  larger  interests,  it  does  not  reach  the 
smaller  interests,  to  which  our  signal  is  more  important  than  to  the 
larger  vessels. 

In  regard  to  the  use  of  the  drum  and  cone,  it  is  a  surprising  fact 
that  the  Belgians  and  English,  and  several  other  nationalities  are 
using,  and  have  been  using  these  signals  for  twenty  years.  Now,  why 
do  they  do  it?  It  seems  to  me  there  must  be  a  great  deal  of  merit  in 
that  signal.  I  have  thought,  when  investigation  was  made  some 
years  ago  at  Washington  into  these  drum  and  cone  signals,  that  there 
was  too  great  belief  that  the  flag  signal  was  all  right,  and  not  enough 
thought  given  to  the  cone  signal.  I  think  possibly  we  can  advance 
in  that  direction. '  I  would  like  to  see  experimentation  continued 
along  this  line,  to  see  if  the  foreigners  are  right  in  this  matter  and 
we  wrong.  As  to  the  different  shape  of  the  flags,  when  a  flag  is  tight 
down  to  the  mast  you  can  tell  nothing  about  the  shape.  In  such 
cases  I  think  the  color  very  important,  and  it  seems  to  me  that  the 
signals  which  have  been  changed  from  time  to  time  are  nevertheless 
as  near  the  best  as  can  be  had,  so  far  as  our  experiments  up  to  the 
present  time  indicate. 

Mr.  Mitchell.  I  think  there  is  one  point  of  very  material  impor- 
tance in  discussing  signal  displays.  I  refer,  of  course,  to  my  own 
section  of  the  country,  Florida.  As  I  said  a  moment  ago,  when  I 
approached  Mr.  Conger  on  the  question,  a  velocity  of  25  miles  from 
the  west  will  not  delay  a  vessel  sailing  from  Jacksonville  to  sea, 
because  there  are  no  breakers  on,  and  she  proceeds  without  hesita- 
tion, while  a  wind  of  25  miles  from  the  northeast  or  east  does  affect 
her  proceeding  very  materially ;  and  I  have  had  masters  of  vessels 
come  up  to  the  office  and  ask  particularly  regarding  the  expected 
change  of  wind,  because  they  desired  to  avail  themselves  of  it ;  and 
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although  I  had  orders  to  do  so,  I  have  felt  a  delicacy  at  times,  in 
hoisting  a  northwest  wind  signal;  that  vessel  master  desired  that 
very  wind.  Of  course  it  is  impossible  for  the  Central  OflSce  to 
appreciate  the  situation  at  every  station,  and  in  such  cases  it  is  the 
duty  of  the  ofl&cial  in  charge  to  apprise  the  Central  OflBce  of  the  facts 
in  the  case. 

Regarding  information  signals  and  other  signals  displayed  along 
the  south  Atlantic,  experience  justifies  me  in  finding  no  fault;  we 
have  had  no  complaint  from  any  source.  The  people  have  learned 
to  respect  them  down  that  way,  and  when  we  hoisted  the  information 
signal  on  the  first  of  October,  nearly  thirty-six  hours  in  advance  of 
the  recent  hurricane  that  passed  up  the  coast,  and  the  hurricane 
arrived  on  time,  of  course  it  emphasized  the  fact  that  we  knew  what 
we  were  talking  about,  and  thB  people  gave  us  due  credit. 

Professor  Moore.  The  discussion  that  has  taken  place  about  the 
direction  signal  seems  to  me  to  raise  the  point  as  to  whether  we 
should  hoist  the  signal  for  a  wind  that  is  offshore,  and  therefore  not 
dangerous.  I  always  consider  that  when  we  give  the  direction  signal 
mariners  know  the  velocity  we  expect  to  get  for  that  signal,  and  they 
may  put  up  sail  or  get  up  steam  and  go  out  in  the  face  of  the  signal 
if  it  says  offshore.  It  does  not  necessarily  mean  danger,  the  way  I 
interpret  it.  It  means  an  offshore  wind,  and  if  you  are  going  to  a 
distant  port  and  don't  want  to  come  back,  go  ahead  ;  but  if  you  have 
a  small  vessel  and  want  to  return  in  a  few  hours,  then  don't  go.  The 
mariner  will  make  his  own  interpretation  if  you  give  him  the  facts. 
By  the  information  message  which  we  have  sent  sa  frequently  during 
the  past  several  years  we  keep  vessel  masters  informed  every  few 
hours  of  the  movement  of  the  storm.  The  storm  center  has  moved 
so  many  miles  since  last  report ;  it  is  increasing  or  it  is  decreasing ; 
the  storm  is  dying  and  will  not  come  to  you;  or,  it  is  increasing  and 
will  come  to  you  with  great  fury ;  or,  a  storm  is  coming,  don't  go  out. 
Such  messages  keep  the  mariner  fully  in  touch  with  the  storm's 
progress,  and  he  is  able  to  make  his  own  deductions.  If  we  give 
him  all  the  facts  we  have  in  our  possession,  he  will  make  the  best 
use  of  them  and  apply  them  to  his  own  case. 

As  to  the  flag  signal,  that  has  always  been  a  question.  We  have 
not  yet  been  able  to  find  anything  better  than  the  flag.  Professor 
Hazen  says  that  as  the  Belgians  have  displayed  form  signals  for  so 
many  years,  it  must  be  evident  that  they  have  value.  I  may  say, 
however,  that  we  have  displayed  flag  signals  for  twenty-six  years,  so 
we  may  be  assured  they  are  fairly  successful.  In  fact,  I  don't  think 
we  have  much  to  learn  in  meteorology  from  foreigners.  I  heard  the 
presiding  officer  of  the  geographic  section  of  the  British  Association 
for  the  Advancement  of  Science,  two  years  ago  at  Toronto,  say  that 
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the  meteorological  service  of  the  United  States  Goverument  was  the 
admiration  of  every  Briton   and  every  scientist  of  the  old  world. 

Professor  Abbe.  The  cone  and  drum  signals  have  the  great  advan- 
tage that  they  can  be  seen  from  all  directions,  but  they  are  pretty 
heavy  things  to  handle  and  are  not  raised  up  very  high.  Our  flags 
go  to  the  top  of  very  tall  masts  and  can  be  seen  a  great  way  off. 

The  Convention,  at  12  (noon),  thereupon  adjourned. 

OCTOBER  13,  1898:  AFTERNOON  SESSION. 

(c)  Possibility  of  giving  warnings  of  northers,  cold  waves,  and  heavy 
snows  to  stock-raising  interests  forty-eight  hours  in  advance. 

F.  H.  Brandbububo,  Denyer,  Colo.,  and  B.  J.  Glass,  Helena,  Mont. 

Mr.  Brandenburg.  As  is  well  known,  cold  waves,  northers,  and 
heavy  snows-  are  especially  severe  on  the  Great  Plains.  In  the 
past  few  years  no  severe  storms  have  occurred  unannounced,  so  far 
as  I  know,  though  occasionally  the  warnings  were  in  point  of  time 
too  late  to  reach  the  interests  scattered  along  the  eastern  slope  of  the 
mountains  from  the  British  Northwest  Territory  to  Texas.  This  arid 
and  semi*arid  region  being  especially  adapted  to  grazing,  millions  of 
dollars  are  to-day  invested  in  cattle  and  sheep.  No  interests  are 
more  affected  by  winter  storms  than  those  of  the  live  stock.  Next 
to  these  storms,  and  not  much  less  serious,  are  the  cold  rains  and  wet 
snows  of  spring.  Coming  as  they  do  at  the  lambing  season,  and  at 
the  time  when  stock  cattle  are  poorest  in  flesh,  considerable  losses 
always  occur.  The  cold  rains  are  even  worse  than  snow,  for  they 
penetrate  to  the  skin. 

A  great  change  in  this  business  has  taken  place  since  early  in  the 
eighties.  In  those  days  large  herds  were  driven  from  Texas  and 
turned  loose  on  the  ranges  of  Colorado,  Wyoming,  and  Montana  dur- 
ing the  summer ;  if  gathered  at  all  the  following  spring  these  were 
found  by  the  round-up  scattered  hundreds  of  miles  to  the  southw:ard, 
where  they  had  drifted  with  the  wind.  At  the  present  time  large 
open  ranges  and  vast  herds  are  for  the  most  part  things  of  the  past, 
except  in  Montana.  The  herds  are  generally  small,  and  in  the  hands 
of  ranchmen,  and,  though  obtaining  the  bulk  of  their  sustenance  on 
the  adjacent  open  range,  can  be  gathered  at  short  notice  and  cared 
for  during  storms.  This  change  in  the  manner  of  conducting  the 
business  makes  it  possible  for  the  industry  to  profit  by  the  storm 
warnings  of  the  Bureau,  especially  if  it  be  feasible  to  make  these 
forty-eight  hours  in  advance. 

The  difliculties  attending  the  making  of  predictions  so  long  in  ad- 
vance are  considerable,  owing  to  the  influence  exerted  by  the  Con- 
tinental Divide  and  the  nearness  of  the  interests  to  be  protected  to 
the  locality  where  these  storms  originate.  As  every  cold  wave  that 
sweeps  over  the  Great  Plains  is  the  joint  product  of  a  strong  anti- 
cyclone over  the  north  Pacific  or  the  British  Northwest  Territory, 
and  of  a  depression  of  more  or  less  intensity  in  the  south,  48-hour 
warnings  must  in  the  majority  of  cases  be  based  not  on  a  high  area, 
but  on  the  position  of  the  low  area  and  the  shape  or  type  of  the 
isobars. 
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In  many  instances  the  low  area  in  the  south  is  ill-defined,  or  that 
region  may  be  occupied  by  an  area  of  moderately  high  pressure.  In- 
creased warmth  and  cloudiness  on  the  eastern  Rocky  Mountain  slope 
with  southerly  winds  in  central  Texas  often  give  valuable  indicatione 
of  the  formation  of  a  disturbance.  Then,  again,  these  signs  may  be 
lacking  east  of  the  mountains,  but  a  low  may  apparently  occupy 
Arizona.  The  latter  is  often  misleading,  but  when  the  isobars  in  the 
distant  south  run  from  east  to  west,  with  little  curvature,  and  the 
arrows  at  Arizona  and  southern  California  stations  point  southward, 
it  is  safe  to  conclude  that  within  forty-eight  hours  a  low  will  make 
its  appearance  over  west  Texas  or  New  Mexico.  Meanwhile,  if  a  high 
area  is  not  already  present  in  the  northwest  one  is  likely  to  form ;  its 
intensity,  however,  is  difficult  to  conjecture.  If  we  wait  for  the  high 
area  to  develop,  its  growth  and  movement  are  so  rapid  that  scarcely 
twenty-four  hours  elapse  before  the  front  of  the  storm  is  well  on  ita 
journey  southeastward,  its  progress  being  facilitated  by  the  down 
grade. 

The  region  west  of  the  Continental  Divide  rarely  suffers  from  the 
cold  waves  which  advance  from  Montana,  but  the  high  pressure  areas 
of  the  north  Pacific,  especially  when  they  move  well  up  over  the 
northern  plateau  before  moving  southeastward,  often  cause  rapid 
and  marked  falls  of  temperature  in  that  region,  even  though  the  high 
be  attended  by  temperatures  above  freezing  in  Washington  and 
Oregon.  Often  the  progress  of  these  cold  waves  from  the  north 
Pacific  is  so  rapid  that  a  24-hour  warning  is  all  that  can  be  given, 
for  the  mountains  do  not  impede  their  progress  as  they  do  that 
of  the  low  areas.  These  highs  bring  snow  to  both  slopes,  and  when 
the  low  is  in  the  form  of  a  trough  reaching  from  Arizona  to  the 
Great  Lakes  the  fall  of  snow  is  heavy  and  a  sharp  fall  of  tempera- 
ture follows,  principally  as  the  result  of  unobstructed  radiation. 
The  movement  of  the  high  being  southeastward  the  trough  is  cut  in 
two,  the  northern  half  moves  northward  and  the  southern  half 
becomes  the  principal  storm.  If,  in  winter,  predictions  of  a  cold 
wave,  or  if,  in  the  fall  or  spring,  predictions  of  a  heavy  snow,  be 
delayed  until  the  high  forms,  then  a  long  notice  can  not  be  given  to 
the  ranchers.  But  if  the  forecast  is  based  on  the  trough,  which  first 
appears  as  a  low  over  Oregon,  the  next  day  as  a  trough  over  the 
Plateau  region,  the  northern  end  of  which  usually  moves  the  faster, 
then  it*can  be  made  with  great  accuracy  on  the  first  appearance  of 
rising  pressure  over  California  or  to  the  northward.  Forecasts  of 
severe  storms,  with  the  above  distribution  of  pressure,  can  be  made 
with  greater  accuracy  than  when  the  high  is  north  of  Montana. 

Existing  instructions  require  that  certain  changes  in  the  barometer 
during  the  two  hours  preceding  the  observation  be  telegraphed  by  a 
special  cipher  word  from  selected  stations.  As  the  stations  in  the 
west,  as  a  rule  are  far  apart,  and  moreover  as  so  large  a  per  cent  of 
the  storms  cross  or  originate  in  the  Rocky  Mountain  region,  it  is 
thought  that  good  will  result  if  all  the  stations  west  of  the  ninety- 
fifth  or  one-hundredth  meridian  be  required  to  add  the  word  repre- 
senting the  change.  By  means  of  the  additional  stations  that  are  to 
be  established  west  of  the  Continental  Divide  it  may  not  be  so  hard 
in  the  future  to  determine  where  a  given  low  will  cross  the  main 
range,  whether  in  Montana  or  Wyoming,  or  through  the  Royal  Gorge 
of  the  Arkansas,  or  the  low  mountains  of  New  Mexico. 
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It  may  not  be  out  of  place  to  refer  to  what,  to  me,  seems  to  be  the 
principal  cause  of  such  failures  as  occur  in  connection  with  forecasts 
of  cold  waves  for  the  middle  eastern  slope,  based  on  high  areas  over 
Alberta.  These  failures  occur  principally  when  a  low  overlies  the 
northern  Plateau  and  British  Columbia,  for  then  the  latter  may  be 
expected  to  exert  the  controlling  influence  on  the  weather  of  the 
middle  Rocky  Mountain  region,  and  we  have  the  anomaly  of  winds 
blowing  against  steep  gradients.  When,  however,  a  high  occupies 
the  upper  part  of  the  northern  Plateau  precipitation  and  cold  over- 
spread the  entire  State. 

In  view  of  the  value  of  barometric  readings  from  British  Colum- 
bia, it  is  to  be  regretted  that  the  reports  from  Kamloops  are  so  uncer- 
tain both  as  to  their  receipt  and  accuracy.  Turning  now -to  the 
south  I  venture  to  express  the  belief  that  reports  from  Chihuahua, 
Mexico,  would  be  of  great  value  in  connection  with  48-hour  predic- 
tions of  cold  waves  in  the  United  States  along  the  eastern  slope  of 
the  mountains,  in  connection  with  northers  in  Texas  as  well  as  yith 
the  heavy  precipitation  of  the  central  valley. 

Professor  Moore.  I  am  sorry  we  can  not  give  more  time  to  the 
discussion  that  might  be  engendered  by  Mr.  Brandenburg's  paper. 
He  is  one  of  several  forecast  olBScials  that  were  recently  commended 
as  a  result  of  the  verification  of  the  work  of  the  local  officials  in  com- 
parison with  the  state  officials.  His  differing  forecasts  showed  a 
very  high  percentage ;  showed  that  he  had  differed  with  such  judg- 
ment as  to  have  improved  the  forecasts.  I  commend  the  study  of 
his  paper  to  every  local  forecaster  in  the  Rocky  Mountain  region. 
All  these  papers  will  be  issued  in  a  pamphlet  soon  after  this  Conven- 
tion adjourns,  and  to  the  forecasters  of  the  Plateau  region  I  especially 
commend  the  study  of  Mr.  Brandenburg's  paper ;  he  can  be  considered 
an  expert  in  forecasting  in  the  Rocky  Mountain  region. 

Mr.  Glass.  In  writing  on  this  subject  we  have  first  to  become 
acquainted  with  the  three  principal  points  on  the  subject,  namely, 
cold  waves,  northers,  and  heavy  snowstorms.  A  cold  wave  is  a  fall 
in  temperature  of  20°  or  more  to  a  minimum  of  32°  or  less  in  any 
twenty-four  hours,  without  regard  to  the  wind  velocity  or  direction, 
while  a  norther  is  a  fall  in  temperature  to  below  freezing  point  with 
the  wind  26  miles  an  hour  or  more  from  a  northerly  direction,  accom- 
panied by  heavy  snow. 

Meteorology  is  an  inductive  science.  It  is  a  science  in  which  we 
gather  the  facts  by  observation  and  arrive  at  the  laws  of  the  weather 
by  induction  therefrom.  We  are  peculiarly  situated  for  gathering 
these  facts ;  we  are  located  at  the  bottom  of  an  ocean  of  air,  composed 
of  invisible  gases,  which  on  pressure  becomes  warmer  or  upon  being 
rarified  become  colder.  This  wonderful  mixture  of  gases,  although 
very  light  and  invisible,  is  weighed  by  the  barometer,  its  movement 
is  indicated  by  the  anemoscope,  and  its  velocity  is  measured  by  the 
anemometer.  The  thermometer  also  fills  a  most  important  part  in 
our  work  of  gathering  facts  relating  to  the  air.  One  essential  property 
of  the  air  is  its  power  of  holding  vapor  of  water ;  another  is  its  ability 
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to  expand  when  heated ;  another  is  the  increased  capacity  of  heated 
air  for  carrying  aqueous  vapor;  finally  its  property  of  cooling  by 
expansion,  thereby  causing  condensation  of  vapor  and  precipitation 
of  moisture  in  the  form  of  rain  or  snow. 

The  sun's  heat  is  the  prime  power  that  underlies  our  entire  meteoro- 
logical science.  By  the  sun's  heat  the  air  in  a  certain  locality  becomes 
heated,  expands,  and  rises,  while  the  surrounding  surface  air  moves  to 
replace  it.  All  bodies  moving  on  the  earth  in  any  direction  in  the 
Northern  Hemisphere  are  swerved  to  the  right  by  the  earth's  rotation. 
The  movement  of  the  air  in  the  above  case  conforms  with  the  law 
just  cited,  and  a  gyratory  motion  is  commenced ;  the  nucleus  of  a 
storm  is  formed  and  it  starts  on  its  eastward  journey.  These  areaa 
of  low  pressure  are  followed  by  high  pressure  areas,  the  average  rate 
of  travel  being  about  37  miles  per  hour  during  January  and  February, 
but  gradually  decreasing  until  July,  when  an  average  of  22  miles  an 
hour  is  recorded. 

It  is  generally  understood  that  nearly  all  cold  waves  originate  to 
the  north  of  the  United  States  and  travel  in  a  southerly  or  easterly 
direction,  and  pass  along  the  east  side  of  the  Rocky  Mountains  accom- 
panying areas  of  high  and  low  barometer.  These  are  the  barometric 
waves  that  we  must  consider  in  the  discussion  of  our  subject.  When 
the  center  of  a  storm  has  passed  a  given  place,  the  winds  veer  sud- 
denly to  the  west  or  northwest.  When  the  cold  air  that  rushes  in 
causes  the  temperature  to  drop  20°  or  more  it  is  called  a  cold  wave. 
It  is  commonly  said  in  the  description  of  these  storms  that  the  cold 
winds  come  from  the  north  where  the  storm  originated,  but  on  the 
contrary,  by  the  action  of  the  high  and  low  areas,  the  cold  may  be 
generated  and  brought  down  from  above  in  the  near  vicinky  of  the 
storm  itself. 

The  conditions  most  favorable  for  cold  waves  in  Montana  are  the 
presence  of  an  area  of  low  barometer  in  southern  Idaho  or  Utah,  and 
another  low  area  coming  down  from  the  northwest  followed  by  a  high, 
entering  Montana  near  Havre.  This  barometric  depression  is  accom- 
panied by  southerly  winds,  and  by  abnormal  warming  up  of  the 
atmosphere  in  its  southeast  quadrant.  When  the  center  of  the  storm 
is  past,  the  winds  veer  to  the  west  with  increasing  velocity,  and  the 
temperature  falls  26°  to  40°  in  a  very  few  minutes.  This  class  of 
cold  waves  is  always  accompanied  by  heavy  snows  and  high  winds, 
thus  combining  in  one  storm  the  three  principal  points  in  our 
subject.  This  is  the  kind  that  is  most  dangerous  to  the  cattle  and 
sheep  interests,  because  the  warm  weather  preceding  the  storm 
induces  the  herder  to  drive  his  flocks  away  from  the  place  of  shelter 
only  to  be  caught  by  the  cold  waves  and  northers.  This  class  of  cold 
waves  travels  much  faster  than  those  accompanying  the  high  areas, 
and  many  incredible  stories  could  be  told  in  the  history  of  Montana 
cattle  and  sheep  industries  of  the  destruction  by  these  storms  or  the 
narrow  escapes  therefrom. 

The  large  cattle  companies  of  the  State  can  not  use  forecasts  to 
advantage,  as  it  is  impossible  to  keep  any  knowledge  of  the  number 
or  condition  of  the  stock  on  their  extensive  ranges,  except  at  the 
spring  and  autumn  round  up.  The  spring  round  up  is  for  the  pur- 
pose of  branding  the  increase,  and  the  fall  gathering  is  for  shipping 
purposes.  We  have  interviewed  many  of  the  large  owners  of  cattle 
who  reside  at  Helena,  and  while  they  are  much  interested  in  the  work 


37 

of  the  Weather  Bureau  they  regret  to  acknowledge  that  they  can  not 
receive  the  benefits  of  the  warnings.  The  larger  owners  of  cattle 
generally  have  summer  and  winter  ranges  for  their  stock,  and  at  the 
round  up  the  cattle  are  changed  from  one  to  the  other  according  to 
the  season.  The  winter  range  is  located,  where  the  most  shelter  can 
be  had  for  their  stock  during  the  prevalence  of  the  cold  waves.  Accu- 
rate long-range  forecasting  by  seasons  would  greatly  benefit  the  cattle 
industry.  But  while  the  large  owners  can  not  utilize  the  warning, 
there  are  many  farmers  and  ranchmen  who  possess  small  herds  of 
cattle  that  aggregate  thousands  in  all,  who  reap  the  benefits  of  the 
forecasts,  and  to  whom  a  warning  of  twelve  to  twenty-four  hours  in 
advance  is  very  beneficial. 

The  sheep  industry  of  Montana  is  quite  large  and  is  greatly  bene- 
fited by  warnings.  The  facilities  for  distributing  cold  wave  forecasts 
to  the  sheep  men  are  very  good,  and  they  can  be  protected  by  these 
warnings.  Sheep  are  always  accompanied  by  a  herder,  and  in  case  of 
a  warning  he  will  either  house  his  herd  or  drive  them  northwest  of 
their  shelter  so  that  when  the  storm  arrives  the  herd  will  drift  home 
with  the  storm. 

The  cold  wave  that  comes  with  a  high  barometer  without  wind  is 
not  so  disastrous  to  stock.  The  cold  air  settles  and  stratifies  along 
the  ground,  there  being  no  clouds,  the  greater  portion  of  the  cold  is 
derived  from  radiation.  This  class  of  cold  waves,  as  a  general  rule, 
does  not  worry  the  stockmen  very  much,  if  the  ranges  are  free  from 
snow.  These  travel  very  slowly  and  cause  a  long  protracted  cold 
period.  On  several  occasions,  while  the  thermometer  registered  —25° 
to  — 30°  at  Helena,  whose  elevation  is  4,108  feet,  the  temperature  of  a 
place  less  than  8  miles  away,  at  an  elevation  of  7,000  feet,  was  being 
.registered  as  above  the  freezing  point,  and  snow  was  rapidly  thawing, 
thus  showing  a  thin  stratum  of  cold  air  at  Helena. 

The  possibility  of  making  warnings  forty-eight  hours  in  advance 
of  cold  waves,  northers,  and  heavy  snows  is  not  very  encouraging  for 
localities  so  far  north  as  Montana.  Our  knowledge  is  so  limited  as 
to  the  probable  direction  and  motion,  and  their  rate  of  travel  is  so 
rapid  that  it  is  very  difficult  to  determine  whether  their  course  will 
be  east  over  Manitoba,  or  southerly  through  Montana,  the  Dakotas, 
and  the  upper  Mississippi  Valley. 

It  is  thought  that  the  important  facts  to  be  gathered  from  aerial 
observations  obtained  by  kite  fiying  will  reveal  new  laws  as  to  the 
currents  of  air  in  the  upper  atmosphere,  and  will  enable  the  fore- 
caster to  be  warned  in  advance  of  the  approaching  surface  condi- 
tions, thus  enabling  him  to  predict,  with  certainty,  forty-eight  hours 
in  advance.  But  with  our  present  limited  knowledge  it  is  believed 
to  be  impracticable  to  make  48-hour  forecasts  west  of  the  Mississippi 
River,  unless  stations  be  established  over  the  Northwest  Territory 
and  Alaska. 

(d)  Warnings  of  washouts^  floods,  cold  waves,  and  heavy  snowfalls  for 

the  benefit  of  transportation  companies. 

J.  Wabrxk  Smith,  Columbus,  Ohio,  and  T.  S.  Outbax,  Minneapolis,  Minn. 

Mr.  J.  Warren  Smith.  I  have  just  one  word  to  say  to  forecast  offi- 
cials relative  to  flood  warnings,  namely,  that  they  take  into  account 
not  only  the  depth  of  snow  over  the  drainage  area  but  whether  that 
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snow  is  in  stable  or  unstable  equilibrium ;  whether  it  is  full  of  water, 
BO  that  a  small  rain  will  cause  a  flood,  or  whether  it  is  mostly  in  the 
form  of  ice.  I  think  in  addition  to  reporting  the  depth  of  snow 
reporters  should  give  the  water  equivalent  of  the  snow  and  whether 
the  ground  is  frozen  or  not.  I  believe  that  it  is  important  that 
transportation  companies,  especially  during  the  spring  season,  should 
be  informed  in  advance  of  the  condition  of  the  snow,  of  the  con- 
dition of  the  soil,  whether  it  is  full  of  water  or  whether  it  is  full 
of  frost,  whether  the  roads  are  liable  to  be  washed  out  easily,  and 
that  we  should  supplement  our  flood  warnings  by  keeping  transporta- 
tion companies  informed  in  advance  of  these  conditions.  In  arrang- 
ing for  these  flood  warnings  for  transportation  companies,  I  also 
believe  that  we  are  not  particular  enough  to  see  that  the  right  man 
gets  them.  We  should  make  a  personal  visit  to  the  roadmaster  or 
chief  ofi&cial  of  each  electric  or  steam  railroad,  and  be  sure  the  warn- 
ing reaches  not  merely  some  official  but  the  right  man  at  the  right 
season. 

Mr.  OuTRAM.  In  the  discussion  of  the  subject,  "  Warnings  of  wash- 
outs, floods,  cold  waves,  and  heavy  snowfalls  for  the  benefit  of 
transportation  companies,"  which  has  been  introduced  by  the  pre- 
vious speaker,  the  interest  naturally  attaches  to  the  following  features, 
namely,  the  present  value  of  these  warnings  to  this  large  class  of  our 
industrial  interests,  their  dissemination,  and  the  possibility  of  improv- 
ing both  the  forecasts  or  warnings,  and  the  manner  of  placing  them 
where  they  are  needed. 

Floods, — In  its  flood  service  our  Bureau  has  been  remarkably  suc- 
cessful, in  fact  its  system  of  flood  warnings  becomes  its  most  valuable 
feature  during  those  seasons  when  great  floods  create  such  enormous 
loss  of  life  and  injury  to  property  of  all  kinds  exposed  to  their  fury. 
Transportation  companies,  on  both  land  and  water,  value  these  warn- 
ings most  highly,  since  they  are  so  timely  that  by  them  they  are 
enabled  to  remove  valuable  freight  to  places  where  the  rising  waters 
can  not  cause  injury.  The  masters  of  vessels  have  time  to  place  their 
craft  in  advantageous  positions,  where  the  violence  of  the  flood  is  less, 
or  where  the  ice,  which  so  often  accompanies  the  flood,  can  not  wreck 
them.  The  railroad  companies  along  those  parts  of  their  lines  sub- 
ject to  high  water  in  flood  years  have  opportunity  to  strengthen  weak 
places  in  the  road  bed,  to  see  as  far  as  possible  that  there  is  a  free 
discharge  of  water  through  bridges,  culverts,  etc.,  and  so  to  arrange 
their  forces  of  workmen  that  they  may  be  ready  at  every  point  to  act 
when  the  danger  arrives. 

Wa8hout8. — I  consider  washouts  as  incidental  to  floods,  for  where 
there  is  not  an  excess  of  water  from  some  source  there  can  not  be 
washouts,  and  warnings  of  floods  certainly  convey  to  railroad  men  at 
least  the  possibility  of  washouts.  Our  most  sanguine  forecasters  can 
hardly  hope,  at  present,  to  be  able  to  issue  warnings  of  those  small 
and  local  but  sometimes  disastrous  floods  and  their  attendant  wash- 
outs, resulting  from  the  so-called  cloud-bursts.  To  do  this  would 
require  a  skill  in  forecasting  that  as  yet  we  can  scarcely  hope  for. 

Distribution, — The  subject  of  the  distribution  of  flood  warnings  to 
boatmen  and  others  who  are  not  in  frequent  communication  with  our 
stations,  or  substations,  and  the  improvement  of  the  flood  service  by 
increasing  the  number  of  precipitation  stations  and  river  gauges,  or 
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in  any  other  way,  I  must  leave  to  those  whose  work  in  this  part  of  the 
service  has  made  them  more  competent  to  discuss  the  subject  than  I 
am.  The  special  difficulty  in  conveying  information  to  railroad  offi- 
cials at  such  times  is  a  break  in  the  telegraph  wires,  but  the  charac- 
teristic energy  of  the  railroad  man  will  overcome  many  difficulties 
when  he  needs  to  obtain  something  which  he  prizes  as  highly  as  he 
does  these  warnings. 

Cold  waves. — Cold  waves  are  of  frequent  occurrence  in  our  northern 
part  of  the  country,  and  they  are  not  infrequent  in  other  parts.  They 
are  such  unwelcome  visitors  to  our  railroad  interests,  that  when  the 
subject  of  Weather  Bureau  is  mentioned  to  him,  the  railroad  official's 
first  thought  seems  to  be  of  a  cold  wave.  During  the  past  four  years 
or  more  a  law  firm  in  Minneapolis  has  been  especially  looking  up  the 
cases  of  damage  by  cold  to  fruit  shipments  while  in  the  care  of  the 
railroads,  and  has  collected  large  sums  of  money  from  the  companies 
so  frequently,  that  the  fear  of  losing  perishable  freight  by  exposure 
to  cold  seems  to  be  instilled  into  every  employee's  mind  so  deeply 
that  cold-wave  warnings  must  be  his  hourly  dread  during  their  whole 
season.  No  one  can  compute  the  enormous  value  of  the  shipments 
during  the  cold-wave  season  of  such  perishable  freight  as  tropical 
fruits,  apples,  potatoeiS,  eggs,  groceries,  drugs,  and  many  other  com- 
modities, seeking  a  market  in  all  directions  over  the  immense  terri- 
tory that  is  liable  to  injurious  temperatures.  As  the  railroad  com- 
panies are  responsible  for  the  good  condition  of  all  freight  delivered, 
it  is  easy  to  understand  the  benefit  of  a  system  which  warns  them  of 
that  which  causes  their  heaviest  losses,  and  it  is  no  exaggeration  to 
say  that  the  pecuniary  advantage  of  the  cold-wave  warnings  to  these 
transportation  companies  is  beyond  the  possibility  of  estimate. 

To  enumerate  instances  when,  on  receipt  of  cold-wave  warnings, 
whole  trains  of  fruit  have  been  run  into  roundhouses  for  shelter, 
when  shipments  have  been  held  back  or  their  character  changed, 
when  apples  or  potatoes  have  been  hurried  east,  and  held  back  from 
the  west,  or  when  the  freight  cars  have  been  warmed  by  lamps  or 
stoves  placed  within  them  for  protection  against  cold,  would  only 
take  up  time  and  add  nothing  but  detail.  The  cold-wave  warnings, 
together  with  the  regular  weather  forecasts,  are  used  by  many  train 
dispatchers  in  deciding  whether  their  trains  shall  be  lightly  or 
heavily  loaded,  and  whether  they  shall  make  long  or  short  runs 
between  switching  places.  It  is  a  daily  occurrence  during  winter  for 
freight  agents  to  ask  me  by  telephone  for  the  probable  night  tempera- 
ture, and  the  information  is  used  in  deciding  as  to  the  disposition  of 
freight  in  their  care  over  night.  It  must  not  be  gathered  from  the 
preceding  that  the  railroad  officials  think  the  Bureau  has  attained 
absolute  certainty  in  predicting  injurious  temperatures;  they  regard 
them  only  as  warnings  and  as  reminders  that  their  freight  may  be 
injured  if  taken  too  far  from  shelter.  They  know  that  it  would  not 
be  profitable  for  them  to  be  too  cautious  and  run  no  chances  at  all 
of  injury  by  cold,  as  they  would  then  have  large  damages  to  pay  on 
account  of  delay. 

Blizzard  and  snow, — Warnings  of  heavy  snows,  or  blizzards,  as  they 
are  commonly  called,  hold  an  important  place  in  the  beneficial  work 
of  the  Bureau,  but  as  the  warnings  are  comparatively  infrequent 
they  do  not  attract  so  much  attention  as  the  more  frequent  cold- 
wave   warnings.      A  real  blizzard  is  much  more   pevere   on   trans- 
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portation  than  a  cold  wave,  and  conseqaeotly  it  is  far  more  dreaded, 
for  it  blocks  the  roads  completely  and  prevents  all  escape  from 
the  cold,  which  generally  accompanies  or  immediately  follows  the 
heavy  snow.  It  is  during  these  blizzards  that  we  hear  of  the 
intense  suffering  experienced  by  train  crews  and  live  stock  on  the 
stock  trains,  and  sometimes  of  the  loss  of  many  carloads  of  valu- 
able freight  by  freezing.  Unfortunately,  the  snow  warnings  are  not 
always  early  enough.  When  there  is  a  severe  blizzard,  ample  warn- 
ing and  the  best  preparation  that  can  be  invented  by  man  could  not 
keep  the  tracks  open  and  prevent  loss,  but  timely  warnings  are  uae- 
ful,  as  showing  the  need  of  precautions  for  getting  periahable  freight 
into  safe  places,  and  leaving  the  tracks  open  for  only  those  trains 
best  equipped  with  appliances  for  fighting  the  snowdrift. 

When  the  sky  over  the  whole  country  is  beautifully  clear,  and  a  high 
pressure  area  overlies  the  whole  Northwest,  it  seems  impossible  to  bring 
oneself  to  believe  that  a  heavy  snowstorm  is  impending,  and  it  may  be 
due  to  this  feeling  that  many  snow  predictions  come  too  late.  Heavy 
snows  seem  to  snuggle,  if  I  may  use  the  expression,  right  up  under 
the  rear  edge  of  the  most  pronounced  highs,  and  they  move  eastward 
with  great  rapidity.  The  distribution  of  warnings  of  all  kinds  to 
railroad  officials  is  very  easy,  and  I  do  not  see  that  it  can  be  im- 
proved. The  information  is  so  valuable  to  them  that  they  imme- 
diately distribute  it  themselves  to  all  points  on  their  lines  where  it 
will  be  of  use.  Our  Minneapolis  officials  sometimes  get  warnings 
from  their  Chicago  offices  before  the  information  can  be  telephoned 
to  them  from  my  office. 

Forecasts. — The  remaining  point  is  by  far  the  most  important,  and 
that  is  the  improvement  of  the  forecasts  tbemsQlves.  A  few  years 
ago  the  proficiency  we  have  now  attained  was  not  dreamed  of.  A 
few  years  hence  the  advance  we  have  made  may  be  laughed  at. 
Our  mistakes  are  simply  the  necessary  result  of  our  yet  imperfect 
knowledge.  Nevertheless  continued  progress  is  evident,  and  with 
constant  application,  and  the  thorough  investigation  of  new  fields  in 
the  physics  of  the  atmosphere,  it  must  eventually  come  about  that 
some  laws  will  be  discovered  by  which  we  can  predict  the  degree  of 
cold  in  a  cold  wave  with  considerable  accuracy,  and  foretell  the 
region  affected  by  it,  and  also  predict  the  intensity  and  location  of 
snowstorms.  If  the  imperfect  warnings  now  issued  are  valuable 
beyond  computation,  who  dare  say  as  to  the  value  of  the  warnings  of 
future  years,  when  it  is  reasonably  certain  that  they  will  be  verified 
almost  to  the  very  letter  ? 

(e)    What  classes  are  most  benefited  by  the  forecasts  f    Are  they  just  what 
are  needed  f    Are  they  properly  disseminated  and  utilized? 

J.  R.  Sags,  Des  Moines,  Iowa,  and  H.  C.  Bate,  NashTlUe,  Tenn. 

Mr.  Sage.  What  classes  are  most  benefited  by  the  forecasts?  This 
question  has  been  asked  me  repeatedly,  and  I  should  say  that  all 
civilized  mankind  within  the  realm  affected  by  the  Weather  Bureau 
is  about  equally  benefited.  I  have  had  to  meet  that  question  at 
farmers'  institutes.  "  What  benefit  is  it  to  the  farmers  ?"  they  ask.  Is 
it  not  largely  for  the  benefit  of  commerce?  Yes,  directly.  It  is,  you 
might  say,  almost  two-thirds  or  three-fourths  fot  the  benefit  of  com- 
mercial interests  directly — transportation  lines  and  the  commerce  of 
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the  ocean,  the  lakes,  the  rivers,  and  transportation  overland.  The 
saving  of  wheat  and  other  grain  on  the  Great  Lakes,  the  saving  of 
perishable  products  in  transit  overland  on  the  railroads — all  this 
directly  affects  the  commercial  interests.  "  Where  does  that  benefit 
the  farmer?"  the  farmer  asks.  Would  we  not  be  benefited  by  having 
five  or  ten  millions  of  bushels  of  wheat  sunk  up  in  Lake  Superior,  or 
elsewhere,  and  thus  lessen  the  overproduction?  But  the  farmer 
would  not  be  benefited ;  he  would  be  damaged.  Every  hazard  there 
is  on  the  line  of  transportation  between  the  producer  and  the  con- 
sumer is  at  the  cost,  largely,  of  the  producer.  Every  element  of 
hazard  in  transit  of  the  products  of  the  farm  is  at  the  cost  of  the 
producer ;  ultimately  the  producer  and  the  consumer  pay  it. 

So  you  can  see  at  a  glance  what  classes  are  benefited  by  the  fore- 
casts. If  you  are  talking  to  a  farmer,  talk  directly  of  his  interests, 
and  the  wideawake  farmer  will  appreciate  the  point  you  make.  I 
could  bring  you  a  number  of  illustrations  to  sustain  my  proposition, 
but  I  leave  you  to  work  out  the  details  along  that  line.  You  will  find 
it  an  interesting  study  and  a  profitable  thing  for  the  Bureau  and  the 
farmer  as  well. 

Mr.  Bate.  I  consider  myself  fortunate  and  happy  in  having  to 
follow  my  honorable  colleague  on  this  question,  because  he  has  out- 
lined in  such  beautiful  and  eloquent  language  the  facts  and  proposi- 
tions set  forth  in  the  topic.  In  hearing  these  interesting  discussions 
and  in  looking  over  the  varied  interests  involved,  I  am  reminded  very 
much  of  a  conversation  I  once  heard  of  between  a  very  large,  muscu- 
lar man,  who  went  into  the  subject  with  a  kind  of  sledge-hammer 
blow  and  got  there  in  a  few  words,  and  a  little,  fidgety,  nervous  man 
who  beat  around  and  finally  arrived  at  the  same  conclusion  by  a  road 
ten  times  as  long.  The  big  man  said  '*  Do  you  know,  Mr.  Dawkins,  I 
think  that  what  is  one  man's  food  is  another  man's  poison?"  The 
other  said:  '*  Well,  I  won't  go  so  far  as  to  say  that,  but  I  do  think  I 
can  safely  say  I  am  of  the  opinion  that  what  would  be  beneficial  to 
one  man  and  pleasant  to  him,  would  be  unpleasant,  and  I  might  say 
deleterious,  or  I  might  go  so  far  as  to  say  absolutely  fatal  to  another." 

Now,  for  example,  in  the  great  raisin  districts  of  the  San  Joaquin 
Valley  of  California,  a  warning  of  rain  carries  with  it  the  fear  of  loss 
of  many  thousands  of  dollars,  and  to  protect  the  fruit  exposed  in  the 
vineyards  during  the  process  of  drying  by  sheltering  it  entails  a  great 
expense,  even  if  the  warning  is  not  verified,  while  in  some  sections, 
either  contiguous,  or  at  least  not  very  remote,  the  verification  of  such 
a  forecast  results  in  untold  benefits ;  in  short,  some  pray  for  dry 
weather,  others  for  rain. 

There  is  scarcely  a  community  in  this  vast  domain  of  ours  that  is 
not  directly  or  indirectly  benefited  by  the  daily  forecasts  or  special 
warnings.  In  the  early  summer  when  the  fields  show  the  ripening 
grain  and  hay,  when  to  reap  or  mow  becomes  a  vital  question ;  in  the 
early  fall,  when  the  season  for  frost  approaches,  forecasts  and  warn- 
ings are  noted  eagerly  by  the  growers  of  cotton,  tobacco,  and  other 
products  liable  to  injury  and  shortage.  In  the  latter  periods,  when 
the  time  for  the  seeding  of  winter  grains  is  at  hand,  the  forecasts  of 
timely  showers  are  hailed  with  joy;  and  in  the  winter,  when  perish- 
able products  are  to  be  interchanged  from  north  to  south,  and  vice 
versa,  shippers  consult  closely  the  forecasts  from  the  Bureau  that 
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give  them  time  to  protect  their  produce ;  breeders  of  fine  stock  take 
advantage  of  the  warnings  to  shelter  their  valuable  droves,  herds, 
and  flocks  from  the  effects  of  severe  cold  waves ;  florists  and  market 
gardeners  prepare  for  the  coming  changes;  river  men  watch  with 
interest  the  forecasts  of  the  rise  and  fall  of  the  rivers  and  the  warn- 
ings of  floods,  and  those  who  ''  go  down  to  the  sea  in  ships "  are 
guided  in  their  movements  by  the  signals  which  give  warning  of  the 
approach  of  dangerous  winds.  I  might  continue  the  list,  ad  infini- 
tum^ to  illustrate  how  thoroughly  the  information  permeates  and 
affects  all  classes  and  conditions  of  our  citizens  and  their  varied 
industries,  but  this  would  far  transcend  the  limits  of  my  allotted 
space. 

As  to  the  second  proposition ;  human  wisdom  has  not  yet  reached 
the  plane  of  perfection,  therefore  the  methods  of  the  Weather 
Bureau  are  not  infallible.  It  is  said,  and  truthfully,  that  the 
science  of  meteorology  is  yet  in  its  infancy.  As  long  as  we  must 
explore  only  the  bottom  of  our  great  atmospheric  ocean,  and  until 
we  can  penetrate  beyond  this  lower  stratum,  we  must  act  according 
to  the  lights  before  us,  and  give  to  the  people  the  benefit  of  present 
attainments  in  the  deductions  from  atmospheric  conditions  as  they 
appear  from  day  to  day ;  as  it  is,  I  think  the  excellence  of  the  infor- 
mation, as  is  now  presented,  that  is,  the  rate  of  verification,  can  not 
fail  to  satisfy  a  very  large  percentage  of  those  who  would  profit  by 
the  forecasts,  indeed,  with  existing  defects  they  have  become  virtu- 
ally a  necessity,  and  as  the  public  becomes  more  and  more  educated 
to  the  importance  of  the  Bureau  as  the  protective  factor  in  the 
economy  of  our  Government,  the  realization  of  its  excellence,  even 
in  its  present  embryonic  state,  becomes  more  and  more  patent. 

Until  the  systems  of  signals  and  other,  means  of  reaching  the 
great  mass  of  our  people^  the  agricultural  classes,  have  reached  a 
higher  plane  toward  perfection,  we  must  content  ourselves  with  these 
methods.  Where  our  railway  schedules  and  daily  cross-country  mails 
render  it  possible  to  place  the  daily  map  or  the  postal  card  forecast 
within  the  reach  of  a  community  it  is  done  through  the  cooperation 
of  public  spirited  men,  who  generously  give  a  portion  of  their  time 
each  day,  in  supplementing  the  work  of  the  forecast  centers  by  scat- 
tering broadcast  from  their  respective  display  centers  the  informa- 
tion emanating  from  the  Central  Office,  and  it  is  gratifying  to  know 
that  the  efforts  made  in  this  direction,  and  the  constantly  increasing 
dissemination  of  the  forecasts,  are  being  more  and  more  perfected 
and  appreciated.  As  the  demands  increase  I  have  no  doubt  that  the 
wisdom  of  our  National  legislators  will  prepare  for  even  a  more 
thorough  dissemination  of  the  information  than  our  present  limited 
resources  will  permit.  As  it  is  we  all  must  feel  a  pride  in  the  suc- 
cessful efforts  of  our  honored  Secretary  of  Agriculture,  seconded  by 
our  worthy  and  progressive  Chief,  in  advancing  into  our  newly- 
acquired  territory,  and  that  of  our  friendly  neighbors  in  the  Tropics, 
and  almost  simultaneously  with  the  flinging  to  the  breeze  of  "  Old 
Glory,"  hoisting  the  storm  signal  for  the  benefit  and  protection  of 
the  commerce  of  the  nations. 
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(/)  Long-range  forecasts  :  Can  they  be  made  with  sufficient  precision  to 

be  of  general  utility  f 

Prof.  H.  A.  Hazxk,  Washington,  D.  C,  Patbick  Comhob,  Kansas  City,  Mo.,  and  B.  S.  Paoux, 

Portland,  Oreg. 

Professor  Hazen.  I  will  leave  the  serious  side  of  this  question  to 
those  who  are  to  follow  me,  and  will  proceed  in  a  lighter  vein.  Our 
newspapers  are  very  ready  to  publish  so-called  forecasts  of  the 
weather  a  month  or  even  a  year  in  advance,  and  it  is  remarkable  how 
much  confidence  is  placed  in  such  pure  guesses  by  respectable  people. 
The  explanation,  in  part,  at  least,  lies  in  P.  T.  Barnum's  bon  mot 
"  the  American  people  love  to  be  humbugged."  It  is  a  well-known 
fact  that  we  are  very  prone  to  remember  coincidences  in  such  cases, 
but  very  likely  to  forget  failures.  It  will  be  of  interest  to  inquire  as 
to  the  principles  on  which  such  guesses  are  prepared,  for,  strange  as 
it  may  seem,  all  these  men  have  a  supposed  cause  for  all  the  effects 
they  describe  as  about  to  occur  in  a  month,  year,  or  one  hundred  years 
just  as  well.  All  these  men  adopt  cosmical  or  extraterrestrial  forces 
as  acting  upon  our  weather.  It  is  impossible  to  see  how  such  cosmic 
force  can  act  to  produce  a  storm  unless  it  act  uniformly  over  a  whole 
hemisphere.  To  say  that  a  storm  will  occur  on  any  day  and  then 
claim  a  verification  because  a  storm  occurred  at  one  point  is  of  no 
account  really,  for  two  or  three  storms  are  active  somewhere  in  the 
Northern  Hemisphere  every  day. 

The  moon  has  been  the  commonest  of  all  extraterrestrial  forces  to 
which  weather  changes  have  been  ascribed.  If  the  moon  can  raise  a 
tide  of  60  feet  in  the  Bay  of  Fundy  it  must  produce  tremendous  tides 
in  the  air,  and  why  should  not  these,  in  turn,  give  us  our  weather 
changes.  The  fact  that  this  enormous  tide  is  due  to  the  configuration 
of  the  coast,  and  that  the  greatest  tide  in  mid-ocean  is  less  than  a 
foot,  is  lost  sight  of.  One  theory  asserts  that  the  moon  draws  the  air 
into  a  lenticular  form,  and  this  air  lens  concentrates  the  sun's  heat 
so  as  to  give  us  severe  storms.  The  moon  is  known  to  be  inert  and 
dead.  Its  surface  exposed  to  the  sun  may  have  a  temperature  of 
boiling  water,  while  at  new  moon  the  dark  face  may  have  a  tempera- 
ture of  200^  below  zero,  but  neither  of  these  conditions  affects  our 
atmosphere,  and  in  fact,  the  most  refined  methods  of  observation 
have  shown  scarcely  the  difference  of  -r^inr  ^^  ^  degree  ^as  the  range 
of  influence  from  the  bright  and  dark  moon. 

The  planets,  however,  have  yielded  the  most  powerful  of  all  theories 
for  weather  changes.  It  seems  most  extraordinary  that  any  person, 
after  considering  the  immensity  and  power  of  the  sun,  could  for  a 
moment  think  that  one  of  his  tiny  attendants,  itself  entirely  depend- 
ant upon  the  sun  for  its  light  and  heat,  can  overpower  the  effect  of 
the  sun,  and  produce  storms  of  its  own  in  localities.  Here  is  one  of 
these  theories: 

The  planets,  comets,  etc.,  go  through  a  reversed  change  of  motion,  volume, 
distance,  and  density  at  perinelion  and  aphelion  each  orbital  revolution,  which 
are  effected  through  reciprocating  electric  currents  or  lines  that  exist  and  undu- 
late between  the  planetary  bodies.  These  changes  are  the  cause  of  our  most 
violent  storms  ana  earth  disturbances.  The  j)erihelion  and  aphelion  passages 
of  the  planets,  the  oppositions  and  opposite  positions  of  the  superior  planets,  the 
inferior  and  superior  conjunctions  of  tne  inferior  planets,  and  the  eclipses  of  the 
sun  and  moon  constitute  the  first  grade  of  meteoric  disturbances. 

Others  claim  that  the  planet  has  its  greatest  effect  when  it  is 
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farthest  from  the  line  between  earth  and  sun,  or  at  quadrature 
instead  of  in  conjunction.  These  opposite  theories  produce  the  novel 
result  that  the  fair  days  of  one  are  exactly  the  storm  days  of  the 
other  and  vice  versa.  Notwithstanding  this  plain  contradiction,  how- 
ever, each  one  claims  a  perfect  verification  for  his  own  guess. 

Of  course  any  rigid  system  of  forecasting  for  a  well-defined  locality 
and  a  verification  by  a  strictly  impartial  rule  would  settle  the  quad- 
tion  of  the  value  of  these  guesses  at  once,  and  it  would  seem  as  though 
these  planetarians  would  eagerly  accept  such  methods.  On  the  con- 
trary they  absolutely  refuse  to  allow  any  one  to  verify  a  forecast.  In 
one  instance  one  of  these  men  submiitted  a  forecast  for  each  day  of  a 
whole  month,  and  also  a  curve  showing  the  resulting  tempera- 
ture, which  he  claimed  gave  a  complete  verification.  After  a  while 
the  same  forecasts  were  sent  back  to  him  and  with  his  curve  exactly 
reversed ;  that  is,  the  cold  points  in  the  first  curve  were  sent  back  as 
the  warm  points  in  the  second  and  vice  versa.  Notwithstanding  this 
exact  reversal  in  the  result,  he  claimed  a  perfect  verification  of  the 
guess. 

A  thorough  acquaintance  with  the  methods  of  these  planetarians 
will  convince  any  one  of  the  uselessness  of  such  guesses.  We  must 
look  to  the  sun  alone  for  all  our  weather  changes.  It  is  very  certain 
that,  with  a  very  few  exceptions,  no  definite  forecasts  can  be  made  for 
a  period  greater  than  forty-eight  or,  at  the  most,  seventy-two  hours ; 
also,  that  none  of  our  weather  changes  are  due  to  lunar  or  planetary 
influence.  Whether  we  may  ever  be  able  to  make  a  forecast  three 
months  or  even  a  month  in  advance  is  an  interesting  question.  If 
the  state  of  the  ice  in  northern  latitudes  affects  our  weather,  then  by 
obtaining  information  from  these  far-north  points  we  may  hope  to 
give  a  general  idea  of  the  coming  season,  but  even  then  it  will  plainly 
be  impossible  to  make  a  definite  forecast  for  an  individual  day. 

Mr.  Connor.  I  presume  that  since  the  fulfillment  of  the  long- 
range  forecast  of  heavy  rain  which  floated  Noah's  ark,  and  perhaps 
a  thousand  years  before,  there  have  been  a  few  people,  at  least, 
who  have  considered  it  within  the  bounds  of  knowledge  or  so-called 
science  to  make  useful  long-range  forecasts  of  the  weather,  but  unfor- 
tunately the  success  and  skill  of  those  wise  wits  of  weather,  those 
soothsayers  t)f  simoons,  those  human  horoscopes  of  heaven  can  be 
measured  only  by  the  diversity  of  human  eccentricity,  superstition, 
and  public  credulity.  There  are  those  to-day  who  think  that  the 
laws  governing  long-range  weather  forecasting  are  hidden  in  impene- 
trable gloom,  while  there  are  others  to  whom  they  are  as  an  open 
book. 

I  understand  there  are  a  few  in  our  own  country  who,  by  some 
special  endowment  not  known  to  the  writer,  can  harness  their  chariots 
to  lines  of  magnetic  force  and  ride  on  ether  vibrations  to  the  most 
distant  planet,  whose  sensitive  souls  are  so  delicately  attuned  to  the 
symphony  of  the  spheres  that  they  can  ascertain  with  minutest  detail 
the  throbbings  and  pulsations  that  will  take  place  in  the  family  of 
worlds  for  a  year  or  two  to  come,  and  can  tell  what  the  eflfect  will  be 
on  the  varied  interests  of  mankind  for  the  same  period,  while  there 
are  others  in  the  same  line  of  research  weighted  down  by  ponderous 
calculations  and  stern  realities,  who,  living  at  the  bottom  of  the 
aerial  ocean,  think  they  are  doing  well  if  they  can  tell  their  neigh- 


45 

bors  when  to  carry  an  umbrella  or  when  it  may  be  safe  to  ship  a  car- 
load of  fruit. 

I  have  been  so  situated  for  some  years  past  that  I  could  not  help 
but  feel  interested  in  this  intensely  interesting  subject,  for  I  am 
bounded  on  the  north  by  a  long-range  weather  forecaster,  Foster,  of 
8t.  Joseph,  Mo.,  and  on  the  east  by  another.  Hicks,  of  St.  Louis,  Mo. 
What  surprises  me  more  than  anything  else  is  that,  situated  as  I  am, 
I  have  not  been  influenced  so  far  as  I  know  by  thought  transference 
or  the  psychological  communications  which  are  supposed  to  pass 
between  kindred  spirits.  But  to  come  to  the  point :  Can  long-range 
weather  forecasts  be  made  with  sufficient  precision  to  be  of  particular 
benefit  to  the  public?  I  have  to  answer  yes  and  no;  at  times,  yes; 
at  other  times,  no.  I  have  tried  it  and  met  with  success ;  again  I 
have  tried  it  and  met  with  total  failure. 

I  do  not  think  that  it  lies  within  the  bounds  of  human  knowledge 
to  make  definite  long-range  forecasts  under  all  conditions,  but  I  do 
think  it  possible,  at  times,  to  make  a  very  good  general  forecast  for  a 
week  or  two  with  reasonable  precision  for  certain  localities.  Some 
sections  of  the  country  present  less  difficulty  than  others,  notably 
those  having  well-marked  seasons  and  uniformity  of  conditions  dur- 
ing long  periods,  such  as  obtain  on  the  Pacific  slope.  I  have  tried  to 
find  cycles  when  weather  conditions  repeat  themselves,  but  without 
success  for  the  section  of  country  in  which  I  happen  to  be  located. 
I  have  found  but  little  consolation  in  the  sun  spot  theory,  as  the  years 
of  supposed  maximum  or  minimum  frequency  afford  no  index  as  to 
what  month  may  be  wet  or  dry,  cold  or  warm.  There  may  possibly 
be  some  reason,  unknown  to  me,  for  the  assignment  of  numerous  and 
destructive  tornadoes  and  electrical  storms  to  the  great  solar  energy 
assumed  to  be  developed  at  the  time  of  maximum  sun-spot  frequency, 
but  it  will  not  hold  very  well  with  regard  to  precipitation.  We 
are  now  almost  at  a  time  of  minimum  solar  energy  as  measured  by 
sun-spot  periods,  and  yet  my  section  of  the  country  has  received  from 
9  to  12  inches  of  rain  in* excess  of  normal.  Some  of  the  farmers  in 
eastern  Kansas  and  northwest  Missouri  had  to  plant  corn  three  or 
four  times  this  year  on  account  of  washouts. 

Struggling  to  find  something  else  that  might  be  of  aid,  I  enter- 
tained myself  for  a  time  with  thoughts  on  lunar  influence,  only  to 
find  that  I  could  not  swear  by  the  inconstant  moon.  I  found  that 
the  weather  was  just  as  liable  to  be  one  kind  as  another  during  any 
of  the  moon's  phases  or  perturbations. 

The  next  line  in  which  I  directed  some  attention  was  Professor 
Bigelow's  solar  magnetic  theory  of  weather  changes,  and  I  will  say 
candidly  that  I  got  more  satisfaction  than  disappointment  out  of  it. 
I  have  made  several  very  accurate  forecasts  based  entirely  upon  my 
humble  interpretation  of  his  suggestions,  which  I  can  not  possibly 
attribute  to  chance,  and  I  have  made  others  which,  on  account,  I  sup- 
pose, of  the  inverse  conditions  which  the  professor  mentions  in  his 
writings,  were  conspicuous  failures. 

The  last  long-range  forecast  I  made  was  for  carnival  week  at  Kan- 
sas City,  from  October  3  to  8.  About  September  28  I  gave  out,  with 
slight  reservation,  that  we  would  be  within  storm  influences  which 
would  give  threatening  weather  and  some  rains  from  Friday,  Septem- 
ber 30,  to  perhaps  Monday  evening,  October  3,  when  they  should  pass 
off.     Tuesday,  Wednesday,  and  Thursday,  should  be  fair,  followed  by 
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a  change  Bnggesting  rain  on  Friday.    In  addition  I  stated  that  the 
week  would  likely  be  very  much  cooler  than  the  two  preceding,  and 
that  people  coming  to  town  should  bring  their  wraps  and  OYerooats. 
It  afforda  me  pleasure  to  state  that  all  this  was  verified  almost  to  the 
letter.    But  that  offers  no  imarantee  that  the  next  forecast  will  be 
fulfilled.    When  I  consider  the  solar  schemes  as  a  basis  for  forecast- 
ingy  I  am  confronted  by  the  fact  that  unchanging  atmospheric  con- 
ditions frequently  occur  over  widespread  areas  during  the  whole  time 
necessary  for  a  complete  solar  rotation,  and  during  which  every  varia- 
tion shown  in  the  average  magnetic  curve  must  have  occurred,  so  that 
it  seems  as  if  great  irregularities  ought  to  have  figured  in  the  average 
daily  solar  impress,  or  else  there  must  be  very  unequal  distribution 
of  earth  currents  to  be  acted  upon  by  the  solar  forces.    Coming  nearer 
home,  I  will  now  refer  to  certain  atmospheric  conditions,  doubtless 
well  known  to  all  of  you,  which  appear  at  times  and  which  make 
possible  long-range  forecasts  with  reasonable  hope  of  verification. 
The  area  of  abnormally  high  pressure  which  settles  over  the  central 
Plateau  region  in  the  winter  season,  exerts  a  modifying  influence  on 
the  temperature  of  the  Western  States.    Its  permanence  covers  at 
least  one  week,  and  usually  two  weeks,  and  frequently  more.    From 
the  first  phase  of  permanency  it  is  safe  to  predict  that  no  very  cold 
weather  may  be  expected  for  a  week  or  ten  days,  south  of  Nebraska 
and  Iowa.    This  condition  prevailed  during  the  greater  portion  of 
last  winter  and,  as  a  result,  no  very  cold  weather  was  experienced. 
On  our  neighboring  lakes  ice  did  not  reach  8  inches  in  thickness. 
Again,  during  the  summer  months  the  great  south  Atlantic  high 
which  extends  over  the  southeast  portions  of  the  country,  enables  a 
forecaster  to  predict  with  reasonable  safety  an  absence  of  rain  in  the 
West  for  nearly  a  week. 

The  passage  of  a  series  of  lows,  far  to  the  north,  in  summer,  pre- 
sages several  days  in  advance  dry  weather  for  the  West.  The  series 
may  be  anticipated  by  the  very  weak  high  which  follows  the  first 
low,  leaving  practically  a  low  belt  along  the  British  line  t^  the 
north  Pacific,  while  pressure  above  normal  obtains  over  the  southern 
portions  of  the  country.  Then  again,  circular  "  lows,"  the  center  of 
which  do  not  dip  south  of  the  northern  tier  of  States,  although  rather 
formidable,  usually  produce  hot  and  windy  weather  in  the  West  and 
Southwest,  but  no  rain.  These  furnish  the  greater  number  of  stereo- 
typed conditions  when  it  may  be  reasonably  safe  to  make  long-range 
forecasts  from  the  maps,  and  are,  perhaps,  the  most  reliable  grounds 
upon  which  to  base  them.  Regarding  the  seasons,  so  far  as  I  know, 
it  is  impossible  to  anticipate  their  characteristics  as  to  weather  de- 
tails. Should  one  season  show  a  great  excess  or  deficiency  of  any  ele- 
ment, it  would  be  reasonable  to  expect  reversed  conditions  the  follow- 
ing season,  but  for  definite  forecasting  it  counts  for  little,  and  the 
man  who  relies  very  much  on  it  may  soon  have  a  "  yellow  "  reputa- 
tion to  carry  around  with  him.  Long-range  forecasting,  except  on 
rare  occasions,  is  full  of  surprises.  I  would  like  to  grasp  the  hand 
of  the  one  who  can  do  it  successfully.  I  think  that,  some  day,  within 
the  lives  of  present  aspiring  observers  great  skill  will  be  acquired  in 
this  work,  but  only  when  we  have  fathomed  the  methods  of  the  great 
universe  iDuilder. 

Mr.PAGUE.  On  September  80 1  received  information  from  the  Chief 
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of  the  Weather  Bureau  that  one  of  the  Convention  Bubjects  assigned 
me  was,  "  Can  long-range  forecasts  be  made  with  sufficient  precision 
to  be  of  general  utility  ?  " 

This  I  construe  to  be  applicable  to  me  in  my  work  in  the  north 
Pacific  forecast  division  of  the  Weather  Bureau,  and  I  answer,  yes, 
without  a  question  or  a  doubt.  I  answer  yes,  for  the  reason  that  for 
the  past  two  years  I  have  been  making,  by  authority,  long-range  fore- 
casts, and  they  have  been  of  practical  utility  and  value  to  the  farmers, 
fruit  growers,  river  men,  and  vessel  men.  I  know  they  are  of  utility 
and  value  because  I  have  been  told  so  by  many  interested  people. 
These  long-range  forecasts  cover  periods  of  from  three  to  seven  days, 
depending  upon  the  season  of  the  year  and  the  clearness  or  decisive- 
ness of  the  conditions.  Long-range  forecasts  can  be  made  for  a  period 
greater  than  seven  days,  possibly  for  a  whole  season  or  half  a  year, 
when  the  chain  of  stations  is  extended  from  British  Columbia  and 
the  Canadian  Provinces  northward  to  Alaska  and  to  the  Aleutian 
Islands  on  the  west.  The  forecast  for  a  period  of  ten  days  or  more 
can  then  be  made  with  at  least  as  much  accuracy  as  they  are  now 
made  for  thirty  to  forty-eight  hours;  and  these  forecasts  can  be 
made  not  only  for  the  north  Pacific  division,  but  for  the  whole  Pacific 
slope  and  for  the  greater  portion  of  the  northern  half  of  the  country 
east  of  the  Rocky  Mountains.  These  are  statements  that  I  know  will 
be  doubted  and  adversely  criticised,  but  the  proof  of  their  accuracy 
is  easily  shown. 

Not  many  years  ago  few  storms  were  given  credit  for  having  origi- 
nated or  having  been  first  observed  on  the  north  Pacific  coast,  then 
moving  eastward,  losing  energy  and  almost  identity  in  their  course 
across  the  Rocky  Mountains,  and  regaining  energy  and  perfect  identity 
as  they  approached  the  moister  air  of  the  Great  Lakes.  Within  the 
last  five  years  I  have  been  informed  by  a  professor  of  the  Weather 
Bureau  at  Washington  City  that,  unless  the  perfect  cyclonic  move- 
ment of  the  storm  area  be  distinct  and  well  defined,  the  storms  could 
not  be  traced  with  unfailing  accuracy  across  the  Rocky  Mountains. 
To  prove  the  storm  area,  cyclonic  winds  must  be  shown  at  every  sta- 
tion. This  is  an  absurd  statement,  especially  so  when  local  winds, 
due  to  the  topographical  features  of  the  country,  constantly  prevail, 
no  matter  what  the  barometric  depression  may  be.  For  example,  the 
winds  at  Idaho  Falls  almost  invariably  blow  from  a  low  to  a  high, 
and  the  passage  of  a  storm  area  across  the  Rocky  Mountains,  due  to 
such  local  winds,  was  doubted  'because  the  cyclonic  movement  was 
not  distinct  or  well  defined. 

A  successful  forecaster  must  understand  the  geographic  as  well  as 
the  meteorologic  conditions  of  his  division,  and  it  has  been  my  pleasure 
to  note  the  following  characteristics  in  the  movements  of  the  areas  of 
high  and  low  pressure.  As  the  beat  of  summer  passes  away,  the  areas 
of  low  pressure  move  southward  from  Alaska  to  about  the  forty -eighth 
degree  north  latitude,  on  which  parallel  they  pass  eastward,  almost 
losing  identity  when  they  cross  the  Rocky  Mountains ;  but  when  once 
as  far  as  the  Dakotas  they  regain  energy  and  move  onward.  They 
continue  in  their  comparatively  low  latitude  until  the  increasing  heat 
of  the  next  summer  forces  them  northward.  These  are  two  distinct 
and  well-defined  movements  of  low  pressure.  The  highs,  also,  have 
two  well-defined  movements.  The  permanent  home  of  the  highs  is 
off  the  southwestern  California  coast  several  thousand  miles,  and  the 
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center  moves  north  in  summer  and  south  in  winter.  The  movement 
is  shown  on  hydrographic  charts  and  in  all  standard  works  on 
meteorology.  The  summer  high  moves  northeastward  along  the 
coast  line  to  about  the  fiftieth  parallel,  thence  eastward.  In  winter 
the  high  moves  northward  to  about  the  fortieth  parallel,  thence  east- 
ward, and  forms,  or  helps  to  form,  the  permanent  high  in  the  plateau 
region  of  southern  Idaho  and  adjacent  regions,  and  this  is  found  there 
during  almost  the  entire  winter  season.  The  other  movement  is  the 
high  from  the  north,  appearing  first  in  Alberta,  thence  moving  south- 
eastward to  the  Great  Lakes,  frequently  giving  cold  waves  to  the 
country  east  of  the  Rocky  Mountains.  These  movements  of  high  and 
low  areas  are  well  defined,  and  when  once  the  subject  is  followed 
closely  and  the  causes  clearly  defined  then  will  forecasts  for  longer 
periods  be  more  accurate  and  of  more  value.  There  is  a  reason  for 
the  movements  of  the  lows  and  highs,  and  this  reason  is  the  stumbling- 
block  to  success  in  solving  the  problem.  The  movements  are  clear, 
and  the  reason  for  the  movements  may  also  be  clear  when  discovered. 
It  is  the  knowledge  of  these  movements  that  enables  me  to  make  the 
long-range  forecast.  The  lows  never  appear  off  the  Washington  coast 
during  the  summer  season,  nor  do  the  highs  appear  over  the  Plateau 
region  in  the  same  season.  The  movements  are  regular;  hence  the 
success  in  the  present  long-range  forecasts.  The  change  from  the 
dry  to  the  wet  season  and  from  the  wet  to  the  dry  have  been 
announced  by  me  for  the  past  five  years  and  not  one  error  has  yet 
been  made.  This  success  is  the  reason  why  I  say  so  emphatically 
that  long-range  forecasts  are  possible  and  that  they  can  be  made  of 
utility  and  of  value. 

(g)  Forecast  distribution:  ShovXd  the  wording  of  the  forecasts  he  confined 
to  the  vocabulary  of  the  present  logotype  outfit?  Is  it  advisable  to  ex- 
tend  the  vocabulary  of  the  logotype  outfit  f 

F.  p.  Chaftse,  Montgomery,  Ala.,  and  G.  M.  Chapfbl,  Des  Moines,  Iowa. 

Mr.  Chaffee.  Next  to  the  accuracy  of  the  various  forecasts  and 
warnings,  the  most  important  subject  in  connection  with  the  work  of 
the  Bureau  is  that  of  forecast  distribution,  so  that  the  valuable  infor- 
mation, collected  and  collated  at  a  great  cost,  may  be  quickly  dis- 
seminated among  the  people.  By  the  public  spirited  cooperation  of 
the  distributing  displaymen,  the  logotype  system  has  been  the  means 
of  placing  our  daily  forecasts  in  nearly  every  post  office  of  any  im- 
portance, and  in  time  to  be  of  direct  benefit  to  the  various  interests 
of  the  different  sections.  The  logotype  system  of  distribution  has 
certainly  been  the  best  means  of  familiarizing  the  people  with  our 
work  and  showing  them  what  we  are  doing  for  them.  In  my  opinion 
the  daily  forecasts  should  be  made  to  conform  to  the  logotype  vocab- 
ulary, so  that  the  distributing  agents  may  not  be  troubled  with  in- 
terpreting the  forecasts,  the  public  interests  endangered,  and  the  repu- 
tation of  the  Bureau  jeopardized  by  incorrect  interpretation  of  the 
official  forecasts. 

The  present  logotype  vocabulary  is  ample  to  cover  any  forecast  or 
warning,  and  its  extension  is  not  deemed  advisable,  as  the  outfit  is 
now  so  complete  and  thorough  that  any  addition  to  it  will  make  it 
unwieldy  and  troublesome.     The  greatest  difficulty  experienced  in 
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the  logotype  distribution  is  in  stampiog  the  cards  plainly  and  uni- 
formly. The  present  logotype  holder  and  inking  pad  might  be  im- 
proved on  by  devising  a  self-inkmg  spring  logotype  holder  with  the 
bed  of  the  holder  channeled  to  receive  the  logotypes  and  hold  them 
securely  while  the  stamping  machine  is  being  operated.  Such  ma- 
chines, it  is  thought,  could  be  made  so  cheaply  as  to  justify  the 
Bureau  in  supplying  them  to  such  displaymen  as  distribute  a  large 
number  of  cards. 

"  Should  the  wording  of  the  forecasts  be  confined  to  the  vocabulary 
of  the  present  logotype  outfit?"  I  would  most  emphatically  reply 
yes;  and  I  would  right  here  like  to  enter  a  protest  against  the  fore- 
cast officials  at  Washington,  or  any  forecast  center,  using  any  word 
in  the  regular  forecast  that  is  not  in  the  logotype  vocabulary. 

Mr.  Chappel.  There  is  no  doubt  in  my  mind  that  the  forecast 
official  can  improve  his  forecast  and  thereby  benefit  the  public  by 
having  an  increased  vocabulary.  Now  the  forecast  official  will  use 
the  words  which  come  to  his  mind  to  express  exact  conditions,  and 
from  that  point  of  view  I  would  be  in  favor  of  increasing  the  vocabu- 
lary, but  as  our  cards  are  distributed  mainly  by  people  not  con- 
nected with  the  Bureau,  receiving  no  pay,  I  would  not  approve  of 
enlarging  the  vocabulary.  If  the  forecasts  were  distributed  from 
regular  Weather  Bureau  stations,  it  would  not  make  much  difference, 
but  as  a  great  many  more  cards  are  sent  out  by  voluntary  display- 
men  than  from  regular  stations,  I  do  not  favor  increasing  the  vocabu- 
lary, but  would  confine  the  forecast  official  to  the  regular  vocabulary. 

Mr.  Hammon.  That  is  all  right  for  a  good  part  of  the  United 
States,  but  not  for  the  whole.  We  need  different  vocabularies  in 
different  places.  The  present  vocabulary  fails  to  meet  our  needs  in 
California,  where  much  wider  range  of  expression  is  necessary  to 
accurately  define  the  conditions  predicted. 

Mr.  Chaffee.  In  connection  with  the  logotype  distribution  of  fore- 
casts, I  have  found  that  it  would  be  good  if  we  could  telegraph  river 
forecasts  to  the  river  observers  and  let  them  disseminate  the  infor- 
mation in  the  same  way  we  do  our  weather  forecasts.  In  my  river 
section  in  Alabama,  in  addition  to  the  telegraphic  distribution  of 
flood  warnings,  such  information  is  also  widely  distributed  by  mail, 
and  has  been  of  special  benefit  to  farmers  and  stock  raisers  in  the 
low  grounds  of  the  river  basins. 

Mr.  Hackett  thought  it  would  be  better  to  let  each  State  specify 
its  own  vocabulary.  Mr.  Salisbury  suggested  that  in  the  case  of  the 
State  furnishing  the  vocabulary  it  could,  perhaps,  be  furnished  by 
the  official  in  charge  of  the  forecast  center,  who  ought  to  know  what 
kind  of  vocabulary  he  is  going  to  use.  The  difficulty  to  be  avoided 
is  that  the  forecaster  in  charge  of  the  forecast  center  has  one  vocabu- 
lary which  he  varies  at  his  pleasure,  but  which  does  not  correspond 
with  the  vocabulary  furnished  with  the  logotype  outfit. 
BUL  24  1 
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(h)  River  and  flood  service. 

B.  J.  Htatt,  St.  Loals,  Mo.,  and  L.  M.  Pivdbu.,  Chattanooga,  Tenn. 

Mr.  Hyatt.  The  river  and  flood  service  of  the  Weather  Bureau  is 
of  vital  importance  to  a  large  portion  of  the  people  of  the  United 
States.  By  means  of  the  river  forecasts,  flood  warnings,  and  general 
information  in  regard  to  the  stages  of  water  along  the  principal 
streams,  furnished  by  the  Weather  Bureau  daily,  the  people  are  kept 
constantly  posted  in  reference  to  the  river  conditions  and  make  their 
calculations  accordingly.  During  the  periods  of  high  water  the  most 
intense  interest  is  shown  in  the  river  and  flood  service  of  the  Govern- 
ment. At  all  river  stations  the  office  is  besieged  early  and  late  by 
the  public  interested  in  the  river,  and  all  are  more  or  less  concerned 
in  regard  to  the  matter  either  directly  or  indirectly.  The  office  tele- 
phone is  kept  busy  answering  calls  and  giving  information  to  the 
public  during  flood  period.  At  all  times,  however,  the  data  is  of  great 
value  and  much  sought  by  the  public. 

When  the  flrst  warning  note  of  impending  high  water  is  given  by 
the  Weather  Bureau  immediate  preparations  for  the  coming  flood  are 
made  by  the  planters,  levee  boards,  railroads,  steamboats,  and  river 
interests  generally.  The  levees  are  strengthened  and  raised  if  neces- 
sary ;  rafts  are  constructed  and  boats  put  in  good  condition  for  any 
emergency.  Stock  and  other  property  are  moved  to  places  of  known 
safety,  such  as  mounds  and  highlands  in  the  vicinity,  in  ample  time 
in  advance  of  the  overflow.  The  people  on  lowlands  subject  to  overflow 
naturally  look  to  the  Weather  Bureau  for  protection  and  many  pre- 
cious lives  and  millions  of  property  have  been  saved  by  the  warnings 
issued  from  time  to  time.  Planters  when  notified  of  an  early  freshet 
will  defer  planting  until  the  danger  has  passed,  thereby  saving  the  cost 
of  seed  and  labor.  On  the  other  hand  if  they  know  that  the  stage  of 
water  will  not  affect  their  land,  they  will  plant  an  early  crop  and  reap 
the  benefit  thereof.  From  time  immemorial  the  great  Father  of 
Waters  and  his  many  branches  have  seen  fit  to  throw  off  the  yoke  and 
go  beyond  all  bounds,  during  certain  seasons,  and  the  ingenuity  of  man 
has  so  far  been  baffled  in  coping  with  the  fury  of  the  floods.  The  con- 
ditions, however,  bad  as  they  are  at  times,  could  be  much  worse;  and 
during  my  observation  of  a  number  of  floods  I  have  always  noticed 
some  mitigating  circumstances.  A  combination  of  high  water  in  the 
Mississippi  and  all  of  its  tributaries,  in  my  opinion,  has  rarely  if  ever 
been  witnessed,  and  the  problem  of  controlling  such  a  vast  volume  of 
water  would  be  a  very  difficult  one  for  the  Government  to  solve.  Dur- 
ing the  great  flood  of  1897,  one  of  the  most  disastrous  of  record,  I  was 
stationed  at  Vicksburg,  and  the  demands  made  upon  the  river  and 
flood  service  of  the  Weather  Bureau  that  year  were  enormous.  Extra 
bulletins  were  called  for  at  night  and  on  Sundays  in  addition  to  the 
regular  morning  reports.  The  Government  sent  relief  boats  with 
ample  provisions  for  those  cut  off  by  the  flood  from  commercial  cen- 
ters, and  camps  were  established  for  the  destitute.  The  progressive 
policy  of  the  Agricultural  Department  in  recent  years  in  giving  the 
river  forecasts  and  warnings  the  widest  possible  distribution  is  highly 
appreciated  by  the  general  public  and  much  praise  has  been  given  the 
service  by  the  many  and  varied  interests  involved. 

The  amount  of  passenger  and  freight  traffic  carried  on  the  rivers 
is  almost  incalculable,  and  the  river  and  flood  service  of  the  Weather 
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Bureau  is  considered  a  necessary  adjunct  to  the  successful  prosecu- 
tion of  this  important  branch  of  commerce. 

Mr.  PiNDELL.  I  have  not  prepared  a  paper,  but  have  made  a  few 
notes  which  I  will  use  to  refresh  my  memory.  I  have  also  distributed 
copies  of  the  Paper  on  the  Tennessee  River  and  Flood  Systems 
around  the  room  for  the  benefit  of  the  officials  present ;  the  paper 
shows  a  study  of  over  ten  years  of  the  local  data.  The  benefit  of  the 
river  and  flood  warnings  to  the  people  of  my  section  is  incalculable. 
It  extends  all  the  way  from  the  head  waters  to  below  Florence,  and 
we  have  received  requests  by  telegraph  for  information  from  as  far 
down  as  Paducah.  We  have  given  from  thirty-six  to  forty-eight 
hours  warning  as  far  down  as  Bridgeport,  and  in  the  flood  of  1897 
all  the  property  lost  that  I  could  hear  of  as  far  down  as  Florence, 
Ala.,  did  not  exceed  $100.  The  people  in  Chattanooga  and  the  sur- 
rounding districts  rely  implicitly  on  the  river  warnings  given  by  the 
United  States  Weather  Bureau.  When  the  Tennessee  River  reaches 
36  feet,  readings  are  taken  every  half  hour  and  given  to  the  public, 
for  the  reason  that  the  water  backs  into  Chattanooga  and  Chicka- 
mauga  Creeks,  overflows  their  banks,  and  forces  the  people  to  move 
out.  Thirty-seven  families  one  day  awaited  an  inch  more  of  rise  in 
the  water  before  they  would  have  to  move ;  I  told  them  not  to  go 
and  promised  them  thirty-six  hours  notice,  and  they  were  not  com- 
pelled to  move.  We  have  one  station  on  the  Hiwassee  River  which 
only  reports  six  months  in  the  year ;  I  think  that  all  our  river  sta- 
tions should  report  all  the  year  round.  On  the  Little  Tennessee  we 
have  no  station,  and  I  would  like  to  see  one  established  there.  Our 
river  service  could  be  improved  by  telegraphing  daily  to  certain 
places  desiring  river  forecasts.  As  it  is  now,  some  of  them  wait 
until  the  river  commences  to  rise  and  then  telegraph  Chattanooga 
for  the  forecasts. 

• 

The  rainfall  observers  should  be  authorized  to  telegraph  the  rain- 
fall whenever  it  equals  or  exceeds  one-half  an  inch.  It  frequently 
happens  that  between  .90  and  .98  of  an  inch  of  rain  falls  for  two  and 
three  days  at  these  stations  and  they  make  no  report,  consequently 
the  river  forecast  falls  short  on  the  crest  rise  predicted.  The  code  of 
the  river  system  could  be  decidedly  improved.  I  would  suggest  that 
the  code  words  in  our  regular  code  signal  be  substituted  for  those 
now  used  in  the  river  code.  That  would  save  in  telegrams  and 
time  of  translating.  Our  river  men  are  as  much,  if  not  more,  inter- 
ested in  low  water  than  high  water  from  the  fact  that  they  only  look 
after  and  protect  their  property  in  high  water,  while  in  low  water 
they  do  most  of  their  business,  and  if  they  knew  the  stages  at  each 
river  station  they  could  readily  decide  how  to  load  their  barges  and 
boats. for  safe  passage  over  the  sand  bars,  rocks,  etc.,  that  are  yet  in  the 
channel.  For  this  reason  river  stations  should  report  the  entire  year. 
The  lumber  interest  on  the  Little  Tennessee  River  is  practically  un- 
provided for,  there  being  only  a  rainfall  station  at  Bryson  City,  N.  C, 
on  the  head  waters.  A  river  station  should  be  established  within  50 
miles  of  the  mouth  of  this  river.  To  better  improve  the  service, 
every  river  and  rainfall  station  should  be  visited  by  the  official  in 
charge  of  the  center  at  least  once  every  two  years,  as  changes  are 
frequently  made  and  it  is  impossible  to  get  some  of  these  observers 
to  understand  by  correspondence  exactly  what  is  required  and  wanted. 
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If  the.  official  and  the  observers  knew  each  other  personally,  better 
work  and  more  prompt  service  would  result. 

Mr.  Marbury.  I  have  noticed  that  in  all  the  papers  that  have  been 
brought  forward  the  importance  of  low  water  has  been  underrated. 
For  a  long  time  it  has  been  acknowledged  that  water  is  our  cheapest 
source  of  power,  and  no  capitalist  is  willing  to  subscribe  money  for 
the  erection  of  a  factory  unless  he  knows  positively  that  a  certain 
stream  of  water  can  be  depended  upon  the  year  round  to  furnish 
power.  I  know  this  from  an  instance  that  occurred  in  Atlanta  not 
long  ago.  There  had  been  no  official  record  kept  of  the  section  where 
they  contemplated  establishing  this  plant,  consequently  they  removed 
about  one  hundred  miles  lower  down,  where  we  had  river  observations 
for  ten  years  back,  which  established  beyond  doubt,  that  they  could 
depend  upon  a  certain  amount  of  water.  They  have  now  established 
a  power  plant  at  Columbus,  Ga.,  which  will  probably  run  all  the 
electric  plants  in  that  city.  It  seems  to  me  that  it  is  important  to 
keep  ourselves  posted  and  keep  the  river  stations  open  the  year  round, 
in  order  that  we  may  know  what  low  water  is,  and  also  that  we  should 
work  in  conjunction  with  the  hydrographic  department  of  the  geo- 
logical surveys  of  the  States.  They  take  these  measurements,  show- 
ing the  amount  of  water  passing  at  certain  stages ;  we  take  the  amount 
of  rainfall ;  from  these  data  as  a  basis  we  can  determine  the  amount 
of  evaporation,  the  amount  of  percolation,  and  the  amount  that 
passes  off.  These  records  will  be  of  untold  value  in  future  years — 
fully  as  valuable  as  the  records  of  floods.  I  think  we  should  have 
the  observations  continued  the  year  round,  not  so  much  for  predic- 
tions as  for  record.  This  information  is  being  called  for  more  and 
more  each  year. 

It  is  now  acknowledged  that  cotton  goods  can  be  manufactured 
cheaper  in  the  south  than  anywhere  else.  Why?  Because  with  our 
water  power  near  the  cotlon  fields,  factories  can  be,  some  already 
have  been,  located  on  these  favorable  spots,  and  the  greater  portion 
of  our  cotton  crop  shipped  in  the  form  of  manufactured  goods. 
Eastern  capitalists,  seeing  this  possibility,  are  already  beginning  to 
investigate  our  region  with  a  real  desire  of  finding  out  more  about 
it.  Now  we  want  to  be  able  to  furnish  officially  the  exact  condition 
of  our  rivers  for  each  day  of  the  year,  the  low  as  well  as  the  high 
water  stages,  the  former  being  by  far  more  important  in  this  connec- 
tion than  the  latter.  Power  plants  can  be  so  constructed  as  to  take 
care  of  themselves  in  high  water  if  it  is  assured  that  they  will  always 
have  the  required  flow  for  power. 

Mr.  Sims  suggested  that  the  flow  line  might  be  shown  on  a  black- 
board placed  on  the  paddle  boxes  of  steamers,  or  on  the  casing  of  a 
stern-wheel  boat,  so  that  the  boat  in  passing  would  show  exactly  how 
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the  river  stood,  the  official  in  charge  of  a  division  of  a  river  to  place 
the  drawing  on  a  board  for  the  section  covered  on  the  up  or  down 
trip  of  the  boat. 

(i)  Should  warning  messages  (Fonn  1048  C)  be  of  some  distinctive  color 

to  more  readily  attract  attention? 

8.  W.  Glbhn,  Haron,  8.  Dak.,  and  T.  B.  JnnnKos,  Topeka,  Kans. 

Mr.  Glenn.  The  Form  1043  C  now  in  use  is  the  same  color  as  the 
daily  mail  forecast  card,  and  there  is  nothing  to  distinguish  it  from 
that  card  and  indicate  its  greater  importance  to  the  public  but  the 
printed  descriptive  matter  on  it.  To  the  person  who  daily  inspects 
the  forecast  cards  this  is  sufficient,  but  there  are  many  interests,  at 
least  in  South  Dakota,  not  materially  affected  by  ordinary  changes 
in  weather  and  temperature,  to  which  cold  wave  or  norther  warnings 
are,  or  might  be,  of  importance  and  benefit.  If  Forms  1043  C  were 
of  some  distinctive  color,  they  would  more  promptly  and  generally 
attract  the  attention  of  the  masses,  and  thereby  prove  of  universal 
value.  In  South  Dakota  and  probably  much  of  the  Northwest  there 
are  live  stock,  creamery,  and  probably  other  interests  not  specially 
benefited  by  the  ordinary  forecasts  to  which,  in  many  localities,  the 
cold  wave  and  norther  warnings  are  of  great  importance.  Many 
farmers  in  South  Dakota  hasten  from  the  towns  to  their  homes 
when  they  see  these  warnings  to  provide  against  loss  or  damage,  and 
the  number  would  probably  be  greater  if  the  color  of  Form  1048  C 
was  such  as  to  attract  special  attention^  It  has  been  found  that 
Railway  Mail  Service  clerks  are  frequently  asked  at  depots  what  the 
weather  forecast  is.  A  card  of  a  distinctive  color  for  warnings  would 
at  a  glance  put  the  clerk  in  possession  of  weather  information  of 
importance  to  the  public  which  might  otherwise  escape  his  attention, 
And  he  would  find  interest  in  disseminating  information  of  such 
importance  wherever  possible,  especially  to  railway  employees  and 
habitues  of  depots.  The  postmaster,  if  hurried,  may  neglect  to  post 
the  ordinary  mail  forecast  card  in  its  bulletin  board  until  the  entire 
local  mail  is  distributed ;  if  the  card  was  of  a  distinctive  color  to 
indicate  its  importance  as  a  warning,  it  would  immediately  attract 
attention,  and  its  importance  to  the  public  would  no  doubt  cause  him 
to  give  it  publicity  immediately.  The  norther  and  severe  cold-wave 
warnings  are  of  such  importance  to  the  railways  of  the  Northwest 
that  the  assistant  superintendent  of  the  Chicago  and  Northwestern 
Railway  at  Huron  has  agreed  to  disseminate  them  by  telegraph  to 
agents  of  the  entire  system  in  South  Dakota,  when  practicable, 
without  expense  to  the  Government.  They  are  of  such  importance 
to  the  masses  that  I  am  satisfied  the  adoption  of  Form  1043  C  of  a 
distinctive  color  for  each  class  of  warnings,  different  from  the  color 
of  the  ordinary,  daily  forecast  cards,  would  be  of  more  benefit  to  the 
public  generally,  and  more  promptly  and  generally  disseminate  the 
information  than  the  form  now  in  use  for  the  purpose.  In  the  case 
of  cold  waves,  they  could  take  the  place  of  the  present  Form  1044- 
Met'l  to  advantage  by  facilitating  local  distribution.  The  public 
could  very  readily  be  instructed  as  to  the  significance  of  the  cards 
of  different  colors. 

Mr.  Jennings.  In  1871  the  Signal  Service,  in  addition  to  the  regu- 
lar "  probabilities,"  adopted  a  special  flag  to  warn  mariners  of  the 
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approach  of  storms.  The  importance  of  this  flag  soon  became  so 
prominent  that  vessels  leaving  port  daring  its  display  forfeited  their 
insurance.  In  1884  a  white  flag  with  a  black  center  was  adopted  as 
the  special  warning  of  the  approach  of  cold  waves,  and  the  impor* 
tance  of  this  flag  in  the  interior  soon  became  as  pronounced  as  that 
of  the  storm  flag  on  the  coast,  so  that  to-day  the  forecast  may  con- 
tain the  announcement  of  a  cold  wave  without  causing  much  more 
than  a  ripple  in  the  public  current,  but  fly  the  cold-wave  flag  to  the 
breeze  and  note  the  change.  Now  all  is  bustle ;  the  cattle  man  looks 
after  his  herds ;  fruit  in  transmission  receives  extra  care ;  the  farmer 
hastens  home  to  care  for  his  stock;  the  produce  and  commission 
merchants  take  extra  precautions ;  and  so  I  might  name  nearly  every 
industry. 

If  a  distinctive  flag  is  so  important  on  the  coast  with  reference  to 
storms,  or  over  the  whole  country  with  reference  to  cold  waves,  how- 
much  more  important  is  it  that  Form  1043  C,  which  combines  both 
and  reaches  hundreds  where  the  flag  reaches  one,  should  be  distinctive. 

What  this  distinction  should  be  I  confess  I  am  not  prepared  to 
state,  but  believe  that  a  distinctive  color  would  best  subserve  the  end  ; 
yet  it  should  be  a  color  that  would  not  interfere  with  the  legibility  of 
the  ink  used.  Such  a  card  would  soon  become  more  widely  promi- 
nent and  better  known  than  either  of  the  flags,  so  that  when  posted 
the  news  would  soon  spread  over  the  town  and  through  the  surround- 
ing country,  "  the  red  card  is  out  and  a  cold  wave  is  coming,"  or 
'^  look  out  for  twisters,"  as  the  case  might  be. 

It  is  very  desirable,  I  might  say  imperative,  that  Form  1043  G  be 
distinctive. 


TOPIC  No.  8.— PAPER :  RELATION  OF  THE  "WEATHER  BUREAU 

TO  THE  DEPARTMENT  OF  AQRIOUIiTURE. 

E.  B.  Caltkbt,  Washington,  D.  C. 

Mr.  Calvert.  There  are  three  things,  more  than  any  other,  upon. 
which  the  prosperity  of  a  nation  depends :  its  climate,  agricultural 
products,  and  mineral  deposits.  It  is  difficult  to  conceive  of  a  pro- 
gressive and  wealthy  nation  without  these  natural  resources.  The 
products  of  the  soil  and  the  earth  beneath  the  soil  give  life  to  the 
people  and  are  the  basis  of  commerce  and  manufactures.  But  how- 
ever rich  a  land  may  be  in  soil  and  minerals  it  can  not  reach  its 
fullest  development  unless  the  climate  of  that  land  is  favorable.  In 
our  own  United  States  we  have  all  the  conditions  for  a  prosperous 
nation. 

Nature  was  here  so  lavish  of  her  store, 

That  she  bestowed  until  she  could  bestow  no  more. 

The  work  of  the  Weather  Bureau  is  so  closely  interwoven  with  two 
of  the  great  factors  of  prosperity  that  we  have  named,  climatology 
and  agriculture,  that  one  can  not  be  considered  without  the  other. 
If  the  climatology  of  a  section  is  accurately  determined,  the  scientific 
agriculturist  knows  what  crop  the  lands  will  bring  forth  in  greatest 
abundance.  Experience  has  been  called  our  great  teacher,  but  some- 
thing else  is  required  of  the  successful  agriculturist.  He  must  get 
close  to  nature  and  learn  her  secrets.  It  is  not  sufficient  for  him  to 
know  that  a  certain  piece  of  land  produces  an  abundance  of  one  kind 
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of  grain,  while  another  farm  product  can  not  be  grown  thereon.  He 
must  know  why  these  things  are  so ;  he  must  understand  the  compo- 
sition of  the  soil  he  cultivates,  how  much  rain  annually  falls  on  his 
possessions  and  the  movement  of  this  moisture  in  the  soil ;  he  must 
be  familiar  with  the  nature  of  the  economic  plants,  the  plant  foods 
required  in  growing  and  maturing  them,  and  the  amount  of  moisture 
and  sunshine  necessary  for  perfect  maturity.  Climatology  is  surely 
a  part  of  agriculture. 

The  United  States  has  a  Department  of  Agriculture,  the  most  com- 
plete in  the  world ;  and  at  its  head  is  a  practical  farmer,  a  scientific 
farmer— one  who  has  guided  the  plow  as  the  furrows  were  turned, 
and  one  who  has  studied  the  science  of  agriculture  in  Nature's  labor- 
atory, as  well  as  in  his  own.  Under  him  serve  what  Sir  Richard 
Armstrong,  of  England,  declares  to  be  the  ablest  aggregation  of  agri- 
cultural scientists  to  be  found  anywhere  in  the  universe. 

The  home  seeker  obtains  from  the  Weather  Bureau  information  as 
to  the  climate  of  any  State  or  county  in  which  he  wishes  to  locate ; 
the  divisions  of  soil  and  chemistry  inform  him  as  to  the  nature  of 
the  land  he  will  cultivate  and  what  crops  will  best  thrive  thereon ; 
the  botanist  and  vegetable  pathologist  name  the  flora  and  the  diseases 
to  which  plants  are  subject,  and  give  a  remedy  for  them ;  the  agros- 
tologist  advises  him  as  to  the  grasses  to  be  sown  for  feeding  his  flocks ; 
and  the  Departmental  publications  keep  him  abreast  of  the  arts  and 
science  of  farm  work  as  it  expands  and  develops.  The  Department 
of  Agriculture  is  an  intellectual  monument  of  which  the  people  can 
be  justly  proud — a  monument  b.uilt  of  divisions  and  bureaus  whose 
functions  are  separate  and  useful,  yet  working  together  in  one  har- 
monious whole.  The  Weather  Bureau  is  a  part  of  this  grand  monu- 
ment. A  portion  of  its  work  necessarily  has  only  a  remote  connec- 
tion with  agriculture,  but  along  certain  lines  its  identity  with  the 
Department  is  clearly  established.  This  is  particularly  true  in  regard 
to  climatology  and  its  climate  and  crop  work.  The  botanist,  biolo- 
gist, agrostologist,  agricultural  chemist,  and  soil  physicist,  all  under- 
stand and  appreciate  its  value.  It  is  just  as  necessary  for  the  Weather 
Bureau,  through  its  section  directors  of  the  State  Climate  and  Crop 
Services,  to  have  a  certain  knowledge  of  the  work  done  by  these 
scientists  as  it  is  for  them  to  understand  something  about  climatology. 
The  section  director  is  better  fitted  to  intelligently  report  on  the 
crops  of  which  he  writes  if  he  understands  these  things.  It  is  all  a 
part  of  his  work.  He  can  aid  the  soil  physicist,  botanist,  and  chem- 
ist, while  they  in  turn  impart  to  him  useful  knowledge.  A  successful 
forecaster  in  the  Weather  Bureau,  in  addition  to  his  knowledge  gained 
by  experience  and  empirical  reasoning,  must  know  the  physical  laws 
connected  with  the  meteorological  conditions  .he  foretells.  Just  so, 
the  section  director,  in  addition  to  his  skill  as  an  executive  and  his 
ability  as  an  organizer,  should  understand  the  principles  of  agricul- 
tural chemistry,  and  the  physical  requirements  of  the  staple  crops. 
This  knowledge  raises  him  above  the  plane  of  a  mechanical  worker 
to  the  eminence  of  a  practical  scientist  and  student.  The  climato- 
logical  and  agricultural  field  is  large.  Our  knowledge  of  it  is  but  as 
a  grain  of  sand  on  the  ocean  shores,  compared  to  that  which  has  not 
yet  been  acquired  by  man.  But  Nature  holds  her  secrets  with  jealous 
care.  She  only  reveals  her  jewels  to  those  who  with  concentration 
of  physical  and  mental  energies  earnestly  dig  down  into  her  depths. 
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There  is  legitimate  work  in  this  line  to  be  done.  It  behooyea  the 
officials  of  the  Weather  Bureau  to  remember  that  we  are  but  an  inte- 
gral part  of  a  great  Department,  and  that  we  should  become  ac- 
quainted with  the  aims,  objects,  and  developments  of  the  other 
branches  to  the  end  that  we  may  grow  together,  one  assisting  the  other, 
into  a  perfect  organization. 


TOPIC  No.  4.— IVBST  INDIAN  HUBBICANB  SEBVIC& 

Praf.  Wnxu  L.  MooBB,  WasliliicUm,  D.  C. 

Professor  Moore  spoke  briefly  on  the  West  Indian  Hurricane  Ser- 
vice as  follows : 

The  West  India  region,  which  includes  an  area  as  large  as  the 
United  States,  is  to-day  brought  twice  daily  under  an  atmospheric 
survey  that  will  enable  us  in  the  future,  as  it  has  in  two  cases  recently, 
to  detect  the  development  of  the  most  destructive  storms  that  visit 
our  continent;  to  measure  them  in  their  inception,  to  keep  pace  with 
them  as  they  cross  the  Windward  Islands  and  come  up  through  the 
Caribbean  Sea  to  the  Gulf  of  Meitico,  and  to  do  what  has  been  the 
dream  of  the  meteorologists  of  England  and  other  scientists  for  a 
great  many  years — to  warn  the  commerce  of  all  nations  in  that  great 
region  against  hurricanes.  It  was  a  singular  thing  that  this  year  no 
hurricane  passed  over  the  Antilles  until  several  weeks  after  the  begin- 
ning of  the  usual  hurricane  season.  Providence  seemed  to  be  on  the 
side  of  those  who  fought  against  the  oppressors  of  humanity.  Our 
fleet  was  able  to  leave  those  waters  without  encountering  a  storm 
that  even  incommoded  it.  Soon  after  its  departure  there  came  a 
most  destructive  storm ;  one  in  which  it  seemed  that  the  force  of  all 
the  storms  that  should  have  developed  in  the  preceding  weeks  was 
gathered  and  centered.  It  seemed  that  nature  was  keeping  up  the 
average  and  establishing  the  equilibrium  by  letting  the  winds  burst 
in  one  terrific  hurricane  after  the  American  fleet  had  sailed  north. 

I  wish  to  call  attention  to  the  warnings  issued  in  advance  of  that 
great  storm ;  they  could  not  have  been  more  advantageously  dis- 
played in  the  interest  of  the  mariner  had  we  possessed  absolute  fore- 
knowledge of  the  development  and  severity  of  the  storm. 


TOPIC  No.  6.— POSSIBHilTIES  OF  THE  WRATHEB  SERVICE  ON 
THE  PACIFIC  COAST.  VALUE  OF  MOUNT  TAMAT.PAI8  OB- 
SERVATIONS. 

W.  H.  Hamxoh,  San  Francisco,  Cal.,  and  B.  S.  Pagux,  Portland,  Oreg. 

Professor  Moore.  We  will  now  hear  from  Mr.  Hammon  as  to  the 
possibilities  of  making  seasonal  forecasts  of  rainfall  for  the  Pacific 
Coast  States. 

Mr.  Hammon.  I  think  what  Professor  Moore  refers  to  is  a  paper  on 
the  Rainfall  of  California  and  the  Weather  of  the  Aleutian  Islands, 
which  he  requested  me  to  present  here,  but  which  I  do  not  think  it 
feasible  to  read  in  detail.    It  really  belongs  more  in  the  line  of  long- 
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range  forecasting.    I  want  to  say  just  a  word  in  presenting  the  paper, 
and  ask  that  it  be  referred  to  some  committee  for  consideration. 

Conditions  on  our  coast  are  quite  uniform,  with  once  in  a  while, 
and  at  long  intervals,  marked  exceptions.  Four  times  in  the  last 
half  century  we  have  had  one-half,  or  less  than  one-half  the  normal 
rainfall  in  California.  It  struck  me  that  such  conditions  must  be 
associated  with  marked  conditions  elsewhere  as  a  cause.  In  search- 
ing for  these  I  found  that  when  the  conditions  are  abnormally  warm  at 
Unga  Island,  Alaska,  where  we  have  a  voluntary  observer,  then  three 
months  later  the  rainfall  in  California  is  abnormally  light,  and  when 
the  conditions  there  are  cold,  the  rainfall  here  is  excessive.  I 
searched  for  further  information,  and  found  records  at  some  four  or 
five  islands,  taken  by  agents  of  the  Alaska  Commercial  Company. 
The  records  are  not  very  well  taken;  some  of  them  by  Indians. 
Some  ran  for  three  years,  some  for  ten.  The  aggregate  number  of 
years  is  about  twenty-five,  and  together  they  cover  a  period  of  thir- 
teen years.  Using  the  hypothesis  based  on  the  first  four  years'  record, 
and  testing  it  by  these  other  records,  I  found  that  74  per  cent  of  the 
abnormal  rainfall  in  California  was  preceded,  for  a  3-months  period, 
by  abnormal  temperature  conditions  on  the  Aleutian  Islands ;  that  is, 
when  it  was  warm  up  there  there  was  light  rainfall,  according  to  the 
rule,  three  months  later  in  California,  and  vice  versa.  The  original 
Unga  Island  records  made  79  per  cent.  I  have  all  the  facts  and 
papers  in  this  connection  with  me,  and  I  suggest  that  a  committee  be 
appointed  to  consider  the  matter  and  ascertain  whether  there  is  any- 
thing in  it.  The  people  on  the  Pacific  coast  would  be  glad  to  have 
the  matter  receive  attention  here  and  have  some  action  taken.  On 
the  general  subject  assigned  me  I  submit  the  following: 

Owing  to  the  reputation  for  exaggeration  which  eastern  people 
have  unjustly  accredited  to  residents  of  the  "  Golden  West,"  I  hesitate 
to  speak  facts  before  even  so  well  informed  a  body  on  climatic  mat- 
ters as  this  Convention.  To  give  to  the  imagination  that  play  the 
subject  warrants  would  be  but  to  court  incredulity. 

The  Pacific  coast  is  peculiarly  a  region  of  climatic  extremes.  It 
is  the  region  where  may  be  found  the  places  of  maximum  and  almost 
minimum  rainfall  and  the  highest  and  nearly  the  lowest  temperatures 
for  the  entire  United  States.  Places  with  mean  annual  rainfall  as 
low  as  3  inches  may  have  fioods  that  will  annihilate  towns  and  wash 
away  miles  of  railroad  track.  In  certain  counties  exist  living  glaciers 
and  also  temperatures  above  the  limit  of  human  endurance.  The 
vegetable  products  are,  of  course,  as  varied  as  the  climate.  On  the 
Sierra  are  places  where  even  the  red  snow  plant  will  not  grow,  and 
yet  50  miles  away  palms  flourish  in  profusion  and  alfalfa  yields  six 
crops  a  year.  Surely  a  region  with  so  varied  climatic  conditions  and 
so  many  resultant  industries  must  be  a  field  where  the  Weather 
Bureau  can  do  a  valuable  work. 

The  Pacific  coast  is  recognized  as  one  of  the  great  wheat-producing 
regions  of  the  United  States.    Over  a  large  portion  of  this  region 
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there  is  Bome times  insufScient  rainfall.  At  times,  on  such  occasions, 
a  rain  forecast  will  change  the  price  of  wheat  several  cents  per  bushel. 
Portions  of  the  most  productive  regions  are  in  the  vast  river  bottoms, 
which  are  subject  to  overflow  in  times  of  excessive  rainfall,  with  con- 
sequent loss  of  entire  crop.  At  other  times  frosts  and  again  dessicating 
"northers"  do  marked  injury. 

Should  the  suggestion  outlined  in  another  paper  as  to  the  possible 
relationship  between  temperature  conditions  in  the  Aleutian  Archi- 
pelago and  rainfall  on  the  Pacific  coast  prove  to  be  a  fact,  and  the 
ability  result  therefrom  to  make  forecasts  of  abnormal  rainfall  two 
or  three  months  in  advance,  as  now  seems  possible,  the  profits  to  the 
grain  industry  will  be  more  than  doubled. 

What  is  said  of  wheat  is  still  more  true  of  barley,  which,  being 
more  of  a  local  crop,  has  the  price  much  more  affected  by  local  con- 
ditions. Two  years  ago  about  one-third  of  the  entire  crop  of  barley 
raised  in  the  United  States  was  grown  in  California.  The  failure  of 
the  crop  during  the  past  season  increased  the  price  in  that  State  300 
per  cent.  One  of  the  largest  growers  and  commission  merchants  on 
the  San  Francisco  Produce  Exchange  failed  because  a  telegraph  oper- 
ator mistook  an  "  s "  for  an  "  1 "  in  the  cipher  report  from  Eureka, 
thus  changing  a  northwest-wind  word  to  that  for  half  an  inch  of  rain- 
fall at  that  point. 

But  it  is  in  fruit  industries  that  the  Weather  Bureau  can  be  of 
greatest  benefit.  In  no  other  section  of  the  United  States  are  there 
so  varied  or  extensive  orchard  industries,  and  the  present  is  merely 
a  forerunner  of  what  may  be  expected,  in  a  much  more  marked 
degree,  in  the  future.  Reference  is  made  especially  to  California 
and  portions  of  Arizona  with  which  the  writer  is  familiar.  With  the 
improved  transportation  facilities  now  in  sight  and  the  reduction  in 
freights  which  will  result  from  competition,  the  excellence  of  its 
products,  the  extent  of  the  industry,  and  the  effects  of  its  competi- 
tion will  surprise  the  whole  world.  Without  the  warnings  of  the 
Weather  Bureau  many  of  the  fruit  industries  would  never  have 
reached  their  present  magnitude,  and  their  future  extension  will  in  a 
considerable  measure  depend  upon  the  aid  rendered  by  this  service. 

All  have  doubtless  heard  of  the  work  that  has  been  done  in  warn- 
ing raisin  and  prune  driers  of  the  infrequent  summer  rains  which  do 
such  serious  damage  to  the  unprotected  crop.  With  the  generous  use 
of  the  telephone  and  telegraph  and  the  cordial  co-operation  of  the 
railroads  information  useful  to  the  forecaster  is  received  as  desired ; 
warnings  are  delayed  until  he  is  practically  certain  of  the  result, 
and  then  distributed  in  such  a  wholesale  fashion  that  almost  every 
drier  in  the  affected  region  will  receive  the  warning  in  an  hour 
from  the  time  it  is  issued.  This  line  of  work  has  reached  such  a 
degree  of  excellence  that  but  little  further  improvement  is  expected 
or  needed.  Hardly  a  single  failure  in  the  warnings  has  been  noted 
in  the  past  five  seasons.  Single  warnings  have  been  of  more  value 
than  the  annual  cost  of  the  entire  Pacific  coast  service. 

The  chief  enemy  to  all  lines  of  fruit  industry,  however,  is  frost 
The  temperatures  in  the  principal  fruit  growing  districts  of  California 
are  somewhat  peculiar  from  the  fact  that  while,  at  no  time  in  the  year, 
are  air  temperatures  below  24°  to  26°  to  be  expected,  and  the  abso- 
lute minima  ever  recorded  are  but  5°  or  6°  lower,  yet  frosty  con- 
ditions are  likely  to  occur  at  any  time  from  November  to  April,  in- 
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elusive.  Probably  never  a  year  passes  when  the  losses  from  frost  do 
not  exceed  the  profits  or,  in  other  words,  the  profits  would  have  been 
doubled  had  the  injury  from  frost  been  prevented.  To  prevent  this 
loss  it  is  necessary  that  the  fruit  grower  be  taught  how  to  protect  his 
crop,  as  well  as  informed  when  frost  is  likely  to  occur.  In  this  par- 
ticular I  believe  the  people  of  the  Pacific  coast,  especially  the  orange 
growers  of  southern  California,  are  perhaps  better  informed  than  ia 
most  other  portions  of  our  country,  but  decidedly  mpre  instruction 
is  necessary.  Not  only  should  articles  be  written  and  phamplets 
issued  on  this  subject,  but  it  is  necessary  if  possible  to  give  personal 
instruction  to  the  grower.  This  topic  should  be  one  of  the  leading 
ones  to  be  discussed  at  the  farmers  institutes  now  so  generally  con- 
ducted throughout  the  country. 

It  has  been  possible  to  forecast  frosts  in  a  fairly  satisfactory  man- 
ner for  a  considerable  time,  but  owing  to  the  very  generous  treatment 
of  the  Pacific  coast  by  the  Department  of  Agriculture  and  the  present 
Chief  of  our  Bureau  this  year,  a  decided  advance  in  the  accuracy  of 
these  forecasts  is  expected.  Several  years  ago  it  was  observed  that 
the  cool  waves  of  the  Pacific  coast  followed  the  movements  southward 
of  a  wave  of  falling  pressure.  I  think  the  Chief  of  the  Bureau  ob- 
served this  condition  first  with  reference  to  cold  waves  in  Wyoming 
and  Colorado.  It  has  been  possible  to  follow  these  pressure  wave» 
as  they  moved  southward  through  Idaho  and  until  they  passed  Win-* 
nemucca  and  Salt  Lake  City.  From  the  time  they  passed  those  sta- 
tions, however,  they  were  lost  sight  of  until  they  appeared  with  their 
frosty  effects  in  California  and  Arizona.  In  fact  as  good,  and  per- 
haps better,  frost  forecasts  were  possible  for  that  region  thirty-six  and 
forty-eight  hours  in  advance  than  could  be  made  for  a  shorter  period. 
The  opening  of  several  stations  in  the  Transrocky  Mountain  region 
will  be  of  great  value  in  frost  predicting. 

The  station  recently  established  on  Mount  Tamalpais,  near  San 
Francisco,  is  another  great  aid  to  frost  forecasting.  Among  many 
other  benefits  expected  from  that  station  may  be  mentioned  the  fact 
that  every  marked  temperature  change  which  has  occurred  in  Cali- 
fornia and  the  Plateau  region  to  the  eastward  during  the  past  year 
has  been  preceded  about  twenty-four  hours  by  a  falling  tempera- 
ture upon  the  mountains.  I  am  unable  to  give  a  satisfactory  ex- 
planation of  this  phenomenon,  but  its  occurrence  has  been  so  fre- 
quent as  to  leave  no  room  for  doubt  as  to  the  fact.  The  place  is  also 
an  ideal  point  for  weather,  observations.  At  San  Francisco,  for  six 
months  of  the  year,  there  is  a  large  portion  of  the  time  that  the 
observing  station  is  immersed  in  a  local  fog  with  west  wind,  and  to  a 
less  degree  this  is  true  during  the  other  six  months.  The  station  on 
the  summit,  half  a  mile  above  the  sea,  and  three  or  four  miles  from 
the  coast,  is  above  all  these  disturbing  influences.  Gales  on  the 
mountain  are  due  to  general  cyclonic  disturbances  and  are  an  indica- 
tion of  rain.  Observations  at  this  station  I  think  have  already  shown 
quite  conclusively  the  cause  of  the  fogs  of  the  Pacific  coast. 

It  has  brought  to  light  many  facts  of  .interest  to  the  meteorologist,, 
one  of  the  most  striking  being  the  marked  temperature  inversion 
between  the  mountain  top  and  the  valley.  During  the  summer  the 
temperature  on  the  mountain  averages  more  than  10^  higher  than  in 
the  valley. 

The  station  is  being  equipped  as  a  complete  self-registering  observa- 
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tory.  It  is  coDDected  with  the  San  Francisco  ofiSce  by  both  telephone 
and  telegraph,  and  through  it  is  therefore  in  immediate  connection 
with  the  city  telephone  exchange  and  the  Western  Union  telegraph 
office.  The  observatory  building  is  a  convenient  8-room  cottage,  and 
has  besides  office  rooms,  living  quarters  for  the  observer  and  rooms 
for  the  forecast  official  when  he  deems  it  advisable  to  be  upon  the 
mountain  and  make  and  issue  forecasts  therefrom. 

But  not  alone  to  the  agricultural  interests  of  the  Pacific  coast  is  or 
can  the  Weather  Bureau  be  useful.  Throughout  the  entire  coast 
region  from  Alaska  to  South  America  vast  mining  operations  are  car- 
ried on.  In  hydraulic  mining,  hills  are  washed  away  by  the  force  of 
water  power.  River  bottoms  and  immense  tracts  of  bottom-lands  are 
scooped  up  by  huge  steam  dredges,  the  gravel  washed,  and  the  refuse 
dumped  out  behind.  In  all  such  enterprises  information  of  sudden 
rises  in  the  stream  and  of  snow  in  the  mountains  is  of  great  value. 

One  of  the  great  drawbacks  of  at  least  the  south  portion  of  the 
Pacific  coast,  in  an  industrial  way,  has  been  the  extremely  high  price 
of  fuel,  and  the  consequent  expense  of  power  for  manufacturing 
enterprises.  Bituminous  coal  costs  in  California  from  two  to  three 
times  as  much  as  anthracite  does  in  Pennsylvania.  Within  the  past 
few  years  several  expensive  enterprises  have  been  put  in  operation  for 
utilizing  the  water  power  of  mountain  streams  to  run  electric  dyna- 
mos. The  electric  power  thus  obtained  is  carried  in  high  potential 
currents  to  cities  many  miles  away,  where  it  is  used  for  manufactur- 
ing purposes,  to  operate  street  cars,  electric  lighting,  etc.  The  records 
of  rain  and  snowfall  are  eagerly  sought  by  the  promoters  of  these 
enterprises  to  determine  the  probable  minimum  discharge  of  the 
various  streams.  Warnings  of  freshets  and  floods  are  also  much 
desired. 

Similar  information  is  sought  by  the  companies  conducting  vast 
irrigating  operations,  which  are  causing  the  deserts  in  portions  of  the 
arid  regions  '^  to  blossom  as  the  rose." 

As  yet  no  mention  has  been  made  of  the  marine  industries  and  the 
study  of  climatic  conditions,  since  these  are  already  more  clearly 
understood.  In  few,  if  any,  sections  of  the  world  is  there  such  a 
variety  of  climate  within  the  same  limits,  and  it  is  difficult  for  people 
not  on  the  ground  fully  to  understand  these  conditions  and  their 
needs.  More  instruments,  more  records,  and  more  study  is  necessary 
to  properly  determine  the  conditions  of  Tulare  and  Inyo  counties  of 
California  than  is  necessary  in  the  whole  of  vast  States  in  the  interior 
valleys  of  this  continent. 

Probably  no  branch  of  the  work  of  the  Bureau  on  the  Pacific  coast 
is  so  imperfectly  and  unsatisfactorily  performed  as  that  which  touches 
the  marine  interests.  With  no  observations  from  the  west  and  with 
ports  at  '*  magnificent  distances  "  apart,  storms  appear  on  the  ocean 
which  for  severity  are  seldom  if  ever  equaled  on  the  Atlantic.  The 
Pacific  is  a  sad  misnomer  to  that  portion  of  the  ocean  north  of  the 
fortieth  degree  of  latitude,  a  fact  not  appreciated  by  the  great  majority 
of  the  people.  The  disasters  which  occur  in  that  ocean  in  proportion 
to  the  vessels  engaged  are  not  equaled  elsewhere.  Vessels  at  sea  feel 
the  effects  of  these  storms  before  the  evidences  of  them  are  visible  on 
the  coast,  and  it  is  only  at  times  that  vessels  about  to  leave  port  can 
be  forewarned  in  time. 

When  commercial  and  industrial  enterprises  render  telegraphic 
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communication  with  the  Aleutian  Islands  necessary,  or  some  man  of 
foresight  sees  that  these  lie  on  the  shortest  route,  offering  numerous 
islands  for  landing,  places,  making  this  the  most  feasible  route  for 
connecting  the  United  States  with  the  Orient  and  her  recently 
acquired  or  expected  possessions  in  the  Philippines,  then  will  a  new 
era  arise  in  the  work  of  the  weather  service  on  the  Pacific  coast.  Of 
course  such  a  connection  is  not  to  be  thought  of  for  Weather  Bureau 
purposes  alone,  although  its  benefits  might  annually  approximate 
its  cost. 

With  the  station  on  Mount  Tamalpais  multiplied  many  times  on 
the  Cascades,  Sierra,  and  Coast  Ranges,  and  with  observatories  estab- 
lished on  Ranier,  Shasta,  and  Whitney,  even  in  the  upper  half  of  the 
atmosphere,  then  these  mountain  chains  which  now  so  confuse  the 
forecaster  may,  and  I  believe  will,  become  his  greatest  helpers.  Dur- 
ing the  present  administration  this  long  neglected  section  has  received 
most  generous  treatment,  but  similar  munificence  must  mark  the 
actions  of  Congress  and  the  executive  ofiScers  of  the  Department  of 
Agriculture  and  the  Weather  Bureau  for  some  years  to  come.  I 
believe  the  Pacific  coast  is  the  ideal  field  for  Weather  Bureau  work, 
and  when  the  work  of  that  section  is  placed  in  the  prime  condition 
that  the  not  far  distant  future  will  find  it,  then,  if  not  before,  it  will 
be  found,  what  already  I  can  dimly  see,  that  the  key  to  accurate  fore- 
casting in  the  East  lies  in  the  weather  conditions  observed  on  the  Pacific 
coast.  Every  dollar  spent  in  improving  the  work  there  means  many 
dollars  saved  by  improved  warnings  to  the  eastward.  We  are  all  a 
part  of  one  vast  service  operated  for  the  benefit  of  an  extensive  and 
rapidly  broadening  country  in  which  an  improvement  of  one  section 
means  a  general  advance,  but  in  an  especial  and  peculiar  manner 
does  the  development  of  our  work  to  the  westward  mean  a  resulting 
decided  advantage  to  the  region  to  the  eastward. 

Professor  Moore  (referring  to  the  rain  warnings  for  the  raisin- 
growing  district  in  California)  asked  if  the  topography  of  the  coun- 
try accounted  for  the  accuracy  with  which  forecasts  of  rain  could  be 
made. 

•  Mr.  Hammon.  The  first  point  is  this,  that  we  wait  until  we  know 
what  is  going  to  happen,  and  then  the  railroad,  telegraph,  and  tele- 
phone companies  let  us  use  their  lines  to  any  extent  we  desire.  We 
can  get  reports  every  hour  if  we  wish.  We  have  never  given  less 
than  six  hours  warning,  and  have  given  as  high  as  twenty-four  hours. 
We  never  give  it  until  we  are  sure.  We  have  never  sent  a  warning 
into  the  valley  that  has  not  been  verified.  There  have  been  some 
thirty  or  forty  sent  in  since  I  have  been  on  the  Pacific  coast.  The 
people  depend  upon  them  absolutely.  Within  one  hour  I  can  dis- 
tribute throughout  the  whole  raisin-growing  section  a  warning  that 
will  reach  almost  every  grower.  There  are  about  sixty  blue  (rain) 
flags  in  that  section.  We  use  the  telephone,  and  the  exchanges  warn 
every  individual  over  the  telephone.  These  sixty  displaymen  run 
up  their  blue  flags,  and  in  one  hour  it  is  done. 
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Professor  Moore.  It  has  been  the  dream  of  meteorologists  for  all 
time,  or  at  least  since  cyclonic  storms  began  to  be  studied,  to  fore- 
cast the  weather-  mouths  or  seasons  in  advance.  So  far  it  has  not 
been  possible  to  attain  that  desired  object.  I  wish  to  state  in  this 
Convention  that  we  do  not  believe  that  any  man  to-day  can  foretell 
the  weather  one  month  in  advance.  We  believe  there  is  not  a  shadow 
of  scientific  basis  for  any  such  prediction ;  we  believe  that  any  long- 
range  forecaster,  unless  perhaps  he  be  in  India,  is  a  fraud  and  a 
charlatan.  If  there  were  any  basis  for  such  predictions,  surely  we 
would  make  use  of  that  knowledge. 

Now,  I  am  not  discouraged  in  hoping  that  the  time  will  come  when 
we  may  make  long-range  forecasts.  What  a  wonderful  conservation 
of  human  energy  would  result  were  we  able  to  say  to  the  cotton- 
grower,  "  Cotton  will  be  favored  next  year ;"  or  to  the  corn  and  wheat 
raisers,  "You  can  cultivate  prodigiously,  for  Nature  will  be  bounti- 
ful next  season  I"  If  the  knowledge  necessary  to  make  these  fore- 
casts ever  comes,  it  will  result  from  a  comprehensive  study  along 
strictly  scientific  lines  of  the  great  mass  of  data  we  have  been  col- 
lecting over  a  broad  area  for  the  past  twenty-seven  years.  No  other 
country  in  the  world  has  such  an  extensive  area  right  in  the  very 
track  of  storms,  in  the  middle  latitudes,  that  is  twice  daily  brought 
under  a  synoptic  weather  survey.  We,  possibly,  are  collecting  data 
which  will  be  of  vast  utility  to  the  coming  civilization,  and  which 
will  be  an  important  factor  in  the  development  of  that  civilization. 
This  country  is  leading  the  world  in  this  study,  as  it  is  leading  it  in 
a  great  many  other  things.  It  has  occurred  to  me  that  the  civiliza- 
tions that  have  come  from  the  north  temperate  zones  have  been  the 
civilizations  that  have  endured.  When  they  have  reached  a  high 
degree  of  cultivation,  they  have  not  become  weakened  by  luxury  and 
gone  down  to  decay  like  the  civilizations  of  the  ancient  Egyptians, 
the  Assyrians,  the  Babylonians,  the  Medes  and  Persians,  the  Greeks, 
and  the  Romans.  We  have  made  a  civilization  that  has  never 
halted;  and  from  the  present  indications  the  Northmen,  meaning 
the  men  of  the  north  temperate  zones,  will  dominate  the  earth.  And 
their  power  comes  more  from  climatic  conditions  than  from  geo- 
graphic situation. 

I  may  be  digressing  a  little,  but  this  civilization  of  which  I  am 
talking  is  being  brought  about  by  the  study  of  just  such  great  prob- 
lems as  you  men  are  engaged  upon  to-day,  and  this  problem  of  long- 
range  forecasting  is  a  very  important  one.  Mr.  Hammon  has  made 
a  very  intelligent  study  and  it  demands  our  attention.  It  means  a 
great  deal  if  we  can  foresee  for  the  Pacific  coast  the  rainfall  for  the 
coming  season.  I  will  appoint  as  a  committee  to  take  his  paper  on 
the  rainfall  of  California,  etc.,  and  carefully  digest  it  for  final  report 
to  the  Chief  of  the  Bureau,  Professors  Abbe  and  Hazen,  Mr.  J,  War- 
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ren  Smith,  Mr.  Cox,  and  Mr.  Salisbury.  I  would  like  to  get  the 
opinions  of  these  gentlemen  in  writing  for  final  consideration.  In 
this  connection  I  want  to  say  that  Mr.  Hammon  is  entitled  to  a 
great  deal  of  credit  for  the  method  he  has  employed  to  bring  out  the 
facts  and  open  a  discussion  which  may  blaze  a  way  that  will  lead  to 
important  results  on  the  Pacific  coast.  We  wish  to  hear  from  Mr. 
Pague  on  this  same  subject.  He  has  made  a  most  intelligent  study 
of  the  peculiar  types  of  barometric  distribution  that  bring  rain  on 
the  north  Pacific  coast.  He  has  been  a  long  time  in  the  region,  and 
has  brought  his  services  to  a  high  degree  of  efficiency.  He  needs  no 
further  introduction  from  me. 

Mr.  Pague.  Before  taking  up  the  *'  Possibilities  of  the  weather  ser- 
vice on  the  Pacific  coast,"  it  might  be  well  to  stop  a  moment  and  con- 
sider the  peculiar  conditions  that  obtain  there.  They  are  peculiar 
from  two  points  of  view,  meteorologic  and  topographic.  We  have, 
from  the  meteorologic  standpoint,  an  immense  area  of  high  pressure 
off  the  southwestern  California  coast,  which  has  a  slight  movement 
from  winter  to  summer  and  from  summer  to  winter,  north  and  south. 
We  have  over  Arizona,  portions  of  California,  Nevada,  and  Utah,  a 
region  of  low  pressure,  present  in  summer  and  not  so  distinct  in 
winter,  although  present  to  a  certain  extent  over  southern  California 
and  Arizona.  We  have  a  permanent  low  pressure  over  what  we  are 
pleased  to  call  Tatoosh  Island,  more  specifically  described  as  off  the 
northwestern  coast  of  Washington,  and  off  the  British  Columbia 
coast.  This  area  of  low  pressure,  or  permanent  low,  is  present  from 
the  time  we  are  pleased  to  call  the  winter  storm  conditions  until  their 
disappearance  the  following  spring.  Possibly  we  shall  determine 
the  origin  and  entire  movement  of  these  lows  when  we  have  a  system 
of  telegraphic  reports  stretching  from  the  Philippines  to  Japan  and 
thence  to  China,  the  Russian  coast,  along  the  Aleutian  Islands  to 
Alaska  and  finally  down  to  the  Pacific  northwest.  We  shall  not 
be  able  to  increase  the  accuracy  of  our  forecasts  to  any  great  extent, 
nor  shall  we  be  enabled  to  make  them  for  a  greater  period  than  we 
do  now,  until  we  have  amore  thorough  system  of  reports  on  the 
north,  northwest,  and  partially  to  the  northeast. 

Our  storms  in  winter,  from  the  observations  at  hand,  are  first  shown 
off  the  British  Columbian  coast.  I  presume  that  these  areas  of  low 
pressure  come  from  the  China  sea,  move  along  the  Aleutian  Archi- 
pelago, thence  along  the  western  coast  of  North  America  to  about 
latitude  50^  north,  where  they  have  a  permanent  home  and  a  path- 
way for  passage  eastward.  A  few  of  them  are  deflected  southward 
along  the  coast ;  in  the  last  five  or  six  years  several  of  these  areas  of 
low  pressure  moved  southward  past  Cape  Mendocino  over  California 
to  Arizona  and  thence  northeastward,  giving  to  the  eastern  portion  of 
the  country  the  most  severe  storms  of  that  period.  These  we  are 
pleased  to  term  erratic  lows.  The  low  in  its  regular  course  moves 
to  about  the  latitude  of  Puget  Sound,  passes  eastward  about  Spokane, 
north  to  Alberta  and  thence  toward  the  Great  Lakes;  while  the 
area  of  low  pressure  is  doing  this,  the  high  pressure  comes  in  from 
the  southwest,  evidently  from  the  immense  area  of  high  pressure 
already  referred  to,  moves  from  Cape  Mendocino  to  Salt  Lake  City, 
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giving  to  that  region  an  area  of  high  pressare.  These  are  two  distinct 
types  of  weather  we  have  in  our  winter  season. 

In  summer  we  have  areas  of  high  pressure  which,  instead  of  mov- 
ing eastward  to  Salt  Lake  City,  or  Southern  Idaho,  move  northward 
to  about  50^  north  latitude,  thence  passing  eastward.  The  lows  in 
summer,  instead  of  moving  along  the  western  shores  of  our  continent, 
cross  the  Rocky  Mountains  about  the  latitude  of  Sitka  and  come 
down  on  the  eastern  side  of  the  Rockies. 

The  foregoing  are  well-defined  movements,  and  on  these  movements 
forecasts  for  greater  or  shorter  periods  are  possible.  I  agree  with  our 
chairman  that  long  range  forecasts  are  not  to  be  recognized  by  the 
Bureau,  and  that  the  individuals  making  them  have  no  standing,  but 
at  the  same  time  I  want  to  impress  upon  the  officials  of  the  Weather 
Bureau  here  present  that  we  can  and  do  make  seasonal  forecasts  for 
the  north  Pacific  region  which,  for  the  past  five  years,  have  yet  to  be 
found  lacking  in  a  single  character  for  verification.  Possibly  we  can 
make  them  more  specific  in  time ;  we  hope  so,  through  the  work  on 
which  Mr.  Hammon  is  now  engaged.  Whenever  it  is  found  that  an 
area  of  low  pressure  comes  down  along  the  coast  in  the  autumn, 
becomes  central  about  Tatoosh  Island,  we  find  coincident  with  that 
an  area  of  high  pressure  moving  not  much  farther  north  than  Cape 
Mendocino,  and  then  due  east  to  Utah,  when  these  conditions  are 
present,  then  we  announce  the  first  winter  storm  conditions  and  from 
that  time  until  the  appearance  of  summer  weather  conditions  next 
spring,  we  may  expect  more  rain  than  fair  weather.  That  is  what  I 
am  pleased  to  term  a  long-range  seasonal  forecast.  That  marks  the 
commencement  of  our  rainy  season,  and  yet  we  don't  mean  that  it 
will  rain  all  the  time,  simply  that  the  conditions  are  more  favorable 
for  rain. 

Conditions  that  produce  rain  in  winter  will  not  produce  it  in  sum- 
mer,  and  the  contrary  is  also  true.  In  the  spring  of  the  year,  when 
we  find  the  high  pressure  moving  northward  along  the  coast  to  the 
Columbia  River  and  farther  northward  to  Puget  Sound,  and  an  area 
of  low  pressure  does  not  appear  west  of  the  mountains,  we  announce 
that  the  summer  conditions  have  arrived,  and  that  from  then  to  the 
commencement  of  the  winter  conditions  in  the  autumn,  we  shall  have 
greater  probability  for  fair  weather  than  for  rain.  These  are  general 
statements,  but  they  are  of  benefit  to  the  farmer.  Many  farmers 
of  the  Pacific  northwest  write,  and  many  make  personal  inquiries, 
asking  whether  our  rainy  season  has  commenced.  They  want  to 
know  so  as  to  determine  whether  to  begin  plowing.  Many  mer- 
chants and  many  builders  ask  the  same  question.  So  that  while  the 
forecast  is  very  general  in  its  terms,  its  benefits  appear  on  its  face, 
and  the  same  is  true  of  the  summer  conditions  in  spring.  Many  a 
dealer  in  wheat  asks  as  to  the  possibilities  for  more  rain  during  May 
and  June.  We  have  in  the  Pacific  northwest  a  country  larger  in 
area  and  richer  in  resources  than  many  of  you  have  any  idea.  We 
have  one  river,  the  Columbia,  which  drains  a  region  approximating 
one-quarter  million  square  miles;  and  we  have  others  besides. 
In  that  region  we  have  immense  wheat  fields,  that  produce  from 
twenty  to  fifty  or  sixty  bushels  per  acre,  with  less  than  20  inches  of 
rainfall  annually.  We  have  immense  timber  resources;  immense 
areas  devoted  to  wheat,  to  hops,  and  to  many  other  products  peculiar 
to  the  north  temperate  zone.    All  these  are  affected  directly  and  in- 
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directly  by  the  Weather  Bureau  forecasts  and  warniugs.  We  have 
an  immense  coast  line  and  immense  shipping.  Our  trade  goes  to  Rus- 
sia, China,  Japan,  the  Sandwich  Islands  and  the  Philippines,  to  the 
South  American  coasts  and  around  the  Horn  to  the  Atlantic  side  and 
to  Europe.  So  we  must  have  accurate  forecasts,  that  our  ships  in 
leaving  the  harbors  of  the  Northwest  may  be  enabled  to  pass  outward 
with  assurance  of  fair  winds  to  start  on  their  long  voyages. 

Our  forecasts  cover  quite  a  number  of  industries.  Fortunately 
the  Weather  Bureau  has  a  system  of  telegraph  lines  extending  west- 
ward to  the  capes,  so  that  the  storm  signals  ordered  up  from  Portland 
are  quickly  transferred  to  the  various  ports  of  the  sound  and  thence 
down  the  straits,  so  that  a  ship  may  stop  within  five  miles  of  the  ocean 
itself.  It  is  no  unusual  thing  to  get  requests  from  consignors  or 
captains  for  information  as  to  whether  their  ships  may  sail.  The 
Columbia  River  runs  13  miles  north  of  Portland,  and  through  the 
center  of  the  city  flows  the  Willamette ;  vessels  load  in  Portland  to 
23  feet,  proceed  down  the  Willamette  to  the  Columbia  and  thence  to 
sea.  Ships  going  down  stop  at  Astoria,  and  it  is  somewhat  unusual 
for  a  single  day  to  pass  without  our  receiving  requests  from  owners 
or  consignors  for  information  as  to  whether  their  ships  can  pass  out. 

The  Willamette  River  has  its  rise  in  winter,  due  to  melting  snow 
in  the  Coast  and  Cascade  mountains ;  the  Columbia  has  its  rise  in 
June,  due  to  melting  of  snow  in  the  Rocky  Mountains.  The  rise  in 
the  Willamette  is  quick,  and  sometimes  very  decisive.  The  river  is 
160  miles  long,  and  it  is  sometimes  very  diflBcult  to  give  warning  for 
the  benefit  of  the  merchants  in  the  city  of  Portland.  The  river  has 
but  a  slight  rise  to  make  before  the  lowest  docks  are  covered.  With 
the  rise  of  the  Columbia  in  June  the  Willamette  can  not  flow,  and 
hence  we  have  backwater  in  Portland ;  we  have  had  33  feet.  In  these 
river  forecasts  the  merchants  along  the  river  front  will  telephone  us 
and  say,  for  example,  "  We  have  4  inches  to  go  upon ;  shall  we  move 
our  goods?"  If  we  say  no,  they  leave  them;  if  they  have  a  foot  to 
go  upon  and  we  advise  them  to  move  their  goods,  they  do  it.  One 
hundred  thousand  to  half  a  million  dollars  are  saved  every  year  by 
our  river  forecasts  alone. 

It  is  doubtful  if  any  other  portion  of  the  United  States  offers 
greater  possibilities  for  the  weather  service  than  the  Pacific  coast. 
Tho  acquisition  of  new  territory  in  the  Pacific,  the  development  of 
Alaska,  and  the  consequent  development  of  the  transmountain  States 
on  the  Pacific,  opens  a  broad  field  for  the  weather  service.  The  good 
work  of  the  Weather  Bureau  in  the  east  in  connection  with  the  satis- 
factory work  on  the  coast  causes  the  coast  people  and  those  settling 
among  us,  who  come  from  the  east,  to  look  to  the  Bureau  for  much 
assistance.  New  lines  of  steamships  are  starting  from  every  port; 
the  grain  fleet  is  rapidly  increasing ;  the  flour  and  lumber  trade  with 
Siberia  and  the  Orient  is  very  large  and  it  is  just  commencing,  so  that 
there  is  a  large  and  growing  field  for  the  Weather  Bureau  in  the  ship- 
ping interests  of  this  coast. 

The  fruit,  grain^  vegetable,  hay,  hop,  and  fishing  interests  are  large 
and  rapidly  growing,  and  in  these  interests  there  are  many  avenues  in 
which  the  Bureau  can  be  of  value.  The  mining  interests  are  second 
to  none,  and  as  they  depend  to  a  very  large  extent  upon  the  water 
supply,  the  value  of  forecasts  and  data  is  apparent.  The  stock 
interests  represent  millions  of  dollars,  and  the  forecasts  and  data  are 
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very  valaable.  It  is  unnecessary  to  outline  the  various  means  used 
to  serve  these  interests,  for  they  are  familiar  to  the  Weather  Bureau 
official:  sufficient  to  state  that  they  are  now  large  and  growing 
interests,  and  to  cope  with  them  the  Weather  Bureau  must  expand 
and  be  alert.  It  has  kept  pace  with  all  necessities  in  the  past  and 
promises  to  be  equal  to  or  ahead  of  them  in  the  future. 

The  river  forecast  work  is  second  to  no  other  feature  of  Weather 
Bureau  work  on  the  coast.  River  forecasts  depend  upon  weather 
forecasts ;  an  error  in  one  usually  results  in  au  error  in  the  other, 
for  melting  snow,  as  a  rule,  causes  the  rivers  to  rise,  and  upon  the 
temperature  and  weather  conditions  the  snows  remain  or  melt.  The 
accuracy  and  value  of  the  river  forecast  work  has  frequently  been 
shown  by  officiaLreports  on  this  subject ;  sufficient  here  to  state  that 
there  is  official  knowledge  of  one  month's  river  forecast  saving 
$240,500  in  the  city  of  Portland  alone. 

The  work  of  the  climate  and  crop  service  is  of  great  importance.  The 
furnishing  of  data  for  physicians,  investors,  and  for  immigration 
purposes  is  valaable  to  the  people.  There  are  so  many  ways  for  the 
Bureau  to  aid  the  public,  to  grow  and  develop,  on  the  Pacific  coast, 
that  it  would  become  tedious  to  enumerate  them  all;  sufficient  have 
no  doubt  been  mentioned  to  illustrate  the  breadth  of  the  practical 
work  of  the  Bureau  on  the  coast. 

The  great  need  and  desire  is  to  furnish  more  accurate  forecasts  and 
for  a  longer  period  of  time.  As  our  chairman  has  stated,  it  has  been 
the  dream  of  meteorologists  for  all  time  to  forecast  the  weather  for 
months  or  seasons  in  advance,  and  a  study  of  the  meteorology  of  the 
Pacific,  from  the  Arctic  regions  to  the  equator,  from  the  eastern  shore 
of  the  Pacific  to  the  western,  will,  in  my  opinion,  materially  assist 
and  possibly  accomplish  this  great  desire.  The  influence  of  the 
barometric  conditions,  arising  in  the  Pacific,  extends  in  a  large  per- 
centage of  cases,  if  not  in  all,  to  the  weather  conditions  east  of  the 
Rocky  Mountains. 

A  study  of  the  causes  producing,  at  times,  peculiar  meteorological 
phenomena  will  aid  the  eastern  forecaster  as  well  as  those  of  this 
coast.  This  is  the  great  possibility  of  the  Weather  Bureau  on  this 
coast,  but  it  can  not  be  accomplished  until  the  telegraph  lines  and 
observation  stations  are  extended,  and  the  whole  coast  to  the  farther- 
most island  of  the  Aleutian  Archipelago,  the  eastern  shores  of  the 
Orient,  and  the  islands  of  the  Pacific  are  brought  under  the  present 
twice-daily  atmospheric  survey,  as  is  the  case  in  the  United  States 
proper. 

In  the  pamphlet  prepared  by  my  colaborer,  Mr.  Blandford,  and 
myself,  and  issued  one  year  ago,  entitled  Weather  Forecasting  and 
Weather  Types  on  the  North  Pacific  Slope,  the  regular  movement  of 
the  area  of  high  and  low  air  pressure  and  the  resulting  weather  are 
discussed.  This  pamphlet  touches  upon  the  subject  of  long-range 
forecasts  and  briefly  outlines  how  the  idea  can  be  enlarged  and 
improved  upon.  Owing  to  the  well-defined  movement  of  the  barome- 
tric area  on  the  Pacific  slope,  I  am  of  the  opinion  that  there  is  the 
place  where  long-range  forecasting  can  be  taken  up.  Causes  pro- 
ducing the  movements  must  first  be  studied ;  then  the  effects  can  be 
forecast.  The  present  development  of  the  Weather  Bureau  is  rapid, 
and  under  the  impetus  that  it  now  has  I  am  hopeful  that  my  great 
desire  for  long-range  forecasts  will  be  realized,  thus  benefiting  man- 
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kind  and  developing  the  greatest  possibilities  of  the  Weather  Bureau 
on  the  Pacific  coast. 


TOPIC  No.  6.— PAPER:  SOMQ  RAIN  PRODUOINQ  PROCESSES. 

Prof.  B.  B.  Gasbxott,  Washington,  D.  C. 

As  the  capacity  of  air  for  moisture  is  increased  with  rising 
temperature  it  is  evident  that  rain  or  snow  can  not  fall  from  air 
that  is  growing  warmer ;  and  yet,  paradoxical  as  the  statement  may 
appear,  rain  usually  begins  and  snow  commonly  falls  with  rising 
temperature.  Nevertheless  the  fact  as  first  stated  holds  good,  for 
in  the  upper  regions  of  the  air,  where  the  water  vapor  is  actu- 
ally condensed  into  rain  or  snow,  certain  processes  are  developed 
which  are  not  appreciable  at  the  surface  of  the  earth. 

The  development  of  one  of  these  processes  is  dependent  upon  the 
warming  of  the  lower  air  which,  in  a  general  way,  is  accomplished  by 
the  radiation  of  the  sun^s  heat  from  the  earth's  surface,  a  constant 
operation  which  is  especially  active  in  fair  or  cloudless  weather. 
In  the  rain  and  snow  producing  processes  referred  to,  however,  the 
warming  of  the  lower  air  is  effected  mainly  by  a  northward  flow  of 
air  having  the  temperature  of  warmer  latitudes.  Obeying  the  law  of 
cyclonic  wind  circulation  the  warm  lower  currents,  which  flow  from 
the  south  in  the  east  quadrants  of  areas  of  low  barometric  pressure, 
underflow  colder  upper  currents  from  the  west  and  northwest. 

As  a  result  of  these  movements  of  the  lower  and  upper  currents, 
and  of  the  lower  surface  temperature  in  the  higher  latitudes,  a  body 
of  warm,  moisture-laden  air  is  accumulated  beneath  masses  of  colder 
air.  As  a  matter  of  fact  the  warm  air  flows  into  an  atmospheric 
pocket,  which  is  lined  on  all  sides  save  the  south  with  colder  air,  with 
the  coldest  side  on  top.  And  it  is  on  the  coldest  side  of  the  pocket 
that  the  moisture  in  the  warm  air  is  first  condensed  into  rain  or 
snow ;  on  the  other  sides  the  differences  in  temperature  are  not  so 
marked,  and  clouds  only,  are  formed. 

In  winter  the  operation  of  this  process  is  shown  when  snow  closely 
follows  the  passage  of  a  cold  wave ;  and  it  is  well  to  note  in  this  con- 
nection, that  the  process  is  operative  only  in  districts  covered  by  the 
sweep  of  the  cold  wave,  and  that  in  cases  where  the  low  temperatures 
are  carried  far  to  the  south  of  a  district,  cold,  and  not  warm,  air  is 
drawn  from  the  southern  latitudes  and  a  temperature  gradient,  suf- 
ficient to  produce  precipitation  in  the  form  of  rain  or  snow,  is  not 
established.  Investigation  shows  that  many  unexpected  snowstorms 
have  been  produced  by  this  apparent  cause,  and  also  discloses  in- 
stances wherein  show  has  been  expected  when  the  conditions  govern- 
ing the  process  have  not  been  fulfilled  as  regards  the  geographical 
extent  of  the  cold  wave. 

During  the  warmer  months  rain  does  not  so  closely  follow  the  shift 
of  wind  to  southerly  in  the  wake  of  high  barometer  areas ;  it  awaits 
a  nearer  approach  of  the  center  of  the  succeeding  low  barometer  area, 
and  the  colder  upper  currents  appear  to  overflow  the  central  storm 
area  and  have  a  more  active  part  in  the  rain  producing  process ;  in 
other  words  summer  rains  are  apparently  produced  by  the  descent  of 
colder  upper  currents  in  the  south  quadants  rather  than  by  an  under- 
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flow  of  warm  air  in  the  east  quadrants  of  areas  of  low  barometer. 
In  apparent  accord  with  these  conclusions  the  precipitation  of  the 
warmer  months  is  confined  largely  to  districts  lying  south,  and  in 
winter  to  districts  lying  east  of  storm  centers.  To  be  more  definite 
the  heavier  summer  rains  fall  in  the  southeast,  and  the  heavier  win- 
ter rains  or  snows  in  the  northeast  quadrants  of  areas  of  low  baro- 
metric pressure. 

In  further  considering  the  rain  and  snow  producing  processes  under 
discussion,  it  may  be  interesting-to  speculate  as  to  the  probable  value 
of  aerial  observations  as  a  means  of  foreseeing  the  establishment  of 
vertical  temperature  gradients  sufficiently  marked  to  produce  precipi- 
tation in  the  form  of  rain  or  snow.  These  observations  have  shown 
that  the  diurnal  range  of  temperature  is  practically  eliminated  at  a 
height  not  greater  than  about  3,000  feet,  and  that  under  average 
conditions  there  is  a  decrease  of  temperature  of  about  1°  for  each  300 
feet  of  elevation.  They  have  also  shown  that  at  certain  times  and 
under  certain  conditions  this  temperature  gradient  is  inverted,  and' 
that  following  a  winter  cold  wave  the  air  is  warmed  much  more  rap- 
idly at  a  moderate  elevation  than  near  the  earth's  surface. 

The  establishment  of  the  last  fact  is  important  in  connection  with 
a  consideration  of  the  snow  producing  process  herein  referred  to.  As 
snow,  which  closely  follows  a  cold  wave,  is  preceded  by  the  appear- 
ance and  evident  formation  of  lofty  cirrus,  blending  into  cirro-stratus, 
clouds,  it  is  probable  that  at  such  times  the  warm  lower  currents 
have  a  great  depth ;  and  while  this  warm  lower  body  of  air  extends 
far  beyond  the  extreme  height  at  which  observations  have  been  taken, 
and  presumably  has  a  depth  of  at  least  four  or  five  miles,  it  is  quite 
probable  that  observations  taken  at  an  elevation  of  one  or  two  miles 
would,  under  the  conditions  defined,  show  the  rapid  iucrease  of  tem- 
perature which  precedes  cloud  formation  and  subsequent  snow  before 
the  increase  is  indicated  by  surface  observations. 

During  the  summer  months  observations  taken  at  these  heights 
would  unquestionably  be  of  great  value.  In  that  season  eye  obser- 
vations alone  show  that  the  rain-bearing  clouds,  which  mark  the 
limit  of  the  warmer  lower  strata,  have  a  very  low  altitude.  Evidence 
of  this  is  found  in  observations  of  thunderstorms  and  local  rains 
whose  occurrence  is  confined  almost  wholly  to  the  warmer  months. 
These  storms  commonly  occur  in  the  southern,  and  usually  in  the 
southeast  quadrant  of  low  barometer  areas,  and  the  low  and  rapidly 
moving  scud  clouds  which  forerun  their  breaking,  and  the  cumulo- 
stratus  clouds  which  frequently  attend  them,  seem  at  times  scarcely 
higher  than  the  loftier  trees  and  buildings;  and  the  quick  downrush 
of  cold  air,  which  is  a  feature  of  thunderstorms,  is  also  a  proof  of  the 
comparative  shallowness  of  the  lower  warm  strata  during  the  period 
when  summer  storm  conditions  prevail. 

It  would  appear,  therefore,  that  observations  taken  at  heights 
available  with  present  appliances  should  yield  valuable  material  for 
the  investigator,  and  data  calculated  to  supplement  present  skill  in 
the  art  of  weather  forecasting. 
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TOPIO  No.  7.— RELATIONS  WITH  THE  PRESS,  OOMMBROIAL 
BODIES,  AND  SOIENTIFIO  ORGANIZATIONS.  HO^^  PRO- 
MOTED. 

B.  A.  BiALs,  Cleveland,  Ohio,  and  A.  F.  Sues,  Albany,  N.  Y. 

Mr.  Beals.  I  have  long  recognized  the  importance  of  the  relationship 
existing  between  the  Weather  Bureau  and  the  press,  and  I  have  given 
some  thought  as  to  how  this  relationship  might  be  brought  still  closer 
to  the  mutual  benefit  of  both  parties.  To  voice  my  ideas  into  lucid 
and  succinct  statements,  a  Tehearsal  of  a  few  well-known  facts  show- 
ing the  motive  governing  the  actions  of  both  will  not  be  out  of  place. 

The  Weather  Bureau,  in  the  first  place,  desires  to  utilize  the  press 
because  of  the  unexcelled  advantages  it  offers  in  the  quick  dissemi- 
nation of  weather  reports  issued  for  the  benefit  of  the  public,  while 
the  press,  on  the  other  hand,  desires  to  publish  these  reports  because 
they  constitute  news,  and  upon  the  quantity  and  quality  of  its  news 
service  depends  the  success  of  the  newspaper.  Thus  is  seen  at  once 
the  strong  inducement  for  cooperation  existing  between  the  two 
services.  Wherever  there  is  cooperation  it  is  expected  that  benefits 
will  accrue  to  a  greater  extent  than  would  otherwise  be  the  case. 

The  union  existing  between  the  Weather  Bureau  and  the  press, 
while  it  is  not  recognized  as  conveying  a  premium  in  dollars  and 
cents,  has  underlying  it  the  same  incentive  as  would  be  the  case  in 
profit  sharing ;  therefore,  each  of  the  services  desires  to  use  the  other 
to  advance  its  own  interests.  The  publication  of  weather  informa- 
tion then  is  excited  by  contrary  motives,  and  it  is  to  the  interest  of 
both  parties,  if  the  cooperation  is  to  give  perfect  satisfaction,  that 
they  come  as  near  together  as  possible  in  meeting  each  others  wants. 
As  an  aid  in  this  direction  it  is  necessary  that  the  situation  be 
analyzed  from  both  standpoints. 

As  I  understand  the  newspaper  side  of  the  question,  it  is  purely  a 
commercial  one.  The  success  of  the  paper  depending  largely  upon 
the  quantity  and  exclusiveness  of  its  news.  Its  employees  are 
instructed  to  gather  this  news  quickly,  to  obtain  that  which  will 
interest  the  most  people  of  all  classes,  and  get  "  scoops,"  that  is,  to 
endeavor  to  get  interesting  news  ahead  of  other  papers.  The  more 
exciting,  interesting,  and  exclusive  it  is  the  greater  the  merit  and 
consequent  reward  to  the  agent  collecting  it.  For  this  reason,  news- 
paper men  while  anxious  to  get  facts  desire  to  arrange  them  so  as  to 
attract  the  most  attention.  The  change  of  a  comma  in  a  sentence 
oftentimes  alters  its  meaning  very  much.  The  emphasizing  of  a  few 
words  gives  ideas  considerably  different  from  those  intended,  and  an 
ingenious  reporter,  together  with  his  colleague,  the  head  line  artist, 
does  not  find  it  difficult  so  to  arrange  an  interview  with  the  innocent 
weather  man  as  to  give  him  a  very  great  start  when  he  sees  it  in  cold 
print.  Thus,  I  have  known  the  ordinary  storm  warning  message 
containing  the  not  very  startling  words,  "  Storm  central  over  Mani- 
toba, moving  east;  south  winds  will  probably  become  high  to-night 
and  shift  to  west  by  Saturday  morning;  rain  turning  to  snow  Sat- 
urday," to  be  transposed  in  headlines  something  like  this : 

GREAT  GUNS  I 

WIND  WILL  BLOW  A  GALE. 

CYCLONE,  BLIZZARD,  AND  SNOW 

PREDICTED. 
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A  notice  of  this  character  works  a  great  injustice  to  the  Weather 
Bureau,  which  desires  its  reports  published  without  distortion  or 
embellishment.  Especially  is  this  so  in  the  case  of  ordinary  weather 
stories  given  to  the  press  from  time  to  time.  They,  being  of  a 
scientific  character,  should  be  presented  in  a  clear  and  unvarnished 
manner  and  devoid  as  far  as  practicable  of  all  technicalities.  The 
simplest  language  adequate  to  convey  the  desired  information  is  far 
better  than  a  complexity  of  scientific  terms  that  only  mystify  the 
general  public  and  thereby  lessen  the  readableness  of  the  article,  in 
consequence  of  which  its  instructive  or  educative  value  is  curtailed. 

I  believe  that  the  occasions  are  numerous  where  ofiicials  fail  to  re- 
spond to  the  wants  of  the  public,  although  having  the  material  at 
hand  for  a  very  interesting  story  and  the  reporter  right  there  to  re- 
ceive it.  The  reporter  is  rarely  a  scientific  man,  and  seldom  under- 
stands the  workings  of  the  Bureau  sufficiently  well  to  tell  the  story 
without  your  aid.  You,  not  having  the  reportorial  instinct  for  news, 
overlook  the  fact  that  there  is  anything  to  be  made  out  of  what  yon 
have,  and  thus  the  opportunity  is  lost.  Our  service  loses,  in  this 
way,  a  chance  to  benefit  or  educate  the  public  regarding  some  matter 
of  note,  and  the  newspaper  has  also  failed  to  meet  its  wants  in  this 
respect.  Both  are  anxious  to  serve,  and  the  failure  is  almost,  if  not 
entirely,  due  to  lack  of  a  little  care  and  judgment  upon  the  part  of 
the  official  in  charge  of  the  local  weather  office. 

In  my  opinion  there  are  a  few  officials  in  our  service  who  go  to  ex- 
tremes in  furnishing  weather  items  to  the  press.  Then  there  are 
many  who  use  excellent  judgment,  and  take  a  great  deal  of  pains  in 
their  treatment  of  this  work.  Quite  a  number,  however,  neglect  it 
almost  entirely,  and  when  they  do  give  out  weather  news  bungle  it 
most  woefully. 

What  I  wish  to  do  is  to  call  attention  to  some  of  these  errors  of 
omission  as  well  as  those  of  commission.  First  of  all,  I  can  not  too 
strongly  emphasize  the  benefits  to  be  derived  from  sinking  individu- 
ality, as  much  as  possible,  in  weather  stories.  We  should  remem- 
ber that  the  Weather  Bureau,  as  a  whole,  demands  our  united  efforts 
in  its  upbuilding.  It  is  unnecessary  to  have  our  names  accompany 
every  article  published ;  simply  see  that  the  credit  for  such  matter 
is  given  to  the  Weather  Bureau.  My  experience  has  been  that  an 
efficient  officer's  part  in  this  connection  will  be  duly  recognized  and 
credited,  both  by  the  public  and  by  the  Central  Office. 

In  the  baseball  field  team  work  is  what  counts;  a  club  of  star 
players  without  this  quality  will  prove  a  losing  club,  while  inferior 
players,  with  perfect  team  work,  prove  to  be  winners.  The  principle 
is  the  same  in  the  Weather  Bureau,  and  to  make  it  of  the  greatest 
benefit  individualism  must  be  sunk. 

I  think  the  class  of  men  who  go  to  extremes  in  furnishing 
weather  items  to  the  press  are  without  exception  men  who  we 
may  say  are  not  highly  educated ;  they  rush  into  print  so  unwisely 
at  times  as  to  make  the  service  appear  ridiculous  on  account  of  the 
unlearned  treatment  they  give  the  subject.  These  men,  fortunately 
or  otherwise,  are  generally  the  ones  whose  individualism  is  most 
prominent,  and  although  the  whole  service  suffers  from  their  utter- 
ances, still  it  is  not  quite  so  bad  as  if  their  publications  were  wholly 
fathered  by  the  Bureau.  I  can  make  no  suggestions  in  the  way  of 
remedy  for  this  evil,  except,  when  it  becomes  too  pronounced,  to  trans- 
fer such  men  to  less  responsible  positions. 
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For  the  benefit  of  the  class,  before  mentioned,  who  are  neglectful, 
I  will  now  try  to  state  my  idea  of  the  way  the  publishing  of  weather 
news  should  be  handled.  First,  we  should  make  it  a  point  to  culti- 
vate the  esteem  and  friendship  of  the  managing  and  city  editors  with- 
in our  jurisdiction.  This  can  be  done  by  occasional  friendly  calls, 
generally  made  for  the  purpose  of  suggesting  some  improvement  in 
the  arrangement  or  in  the  character  of  the  news  regularly  furnished. 
To  make  intelligent  suggestions,  the  methods  in  vogue  in  other  cities 
should  be  studied ;  then  the  wants  of  the  community  should  receive 
consideration.  These  vary,  of  course,  according  as  the  locality  is  an 
agricultural,  marine,  or  manufacturing  center.  Suggestions  of  this 
character  will  be  cordially  welcomed,  and  if  the  demands  on  space 
and  expense  are  not  too  great  they  may  be  adopted. 

Next,  study  the  character  of  the  reporters  visiting  your  office.  Make 
friends  of  them ;  show  them  that  you  are  anxious  to  secure  news  to 
give  them.  If  you  can  obtain  anything  in  the  news  line  wholly 
outside  of  your  field,  give  it  to  them,  or  tell  them  where  to  get  it. 
They  will  appreciate  this  interest  on  your  part  in  their  labors.  Give 
them  all  the  time  you  can  possibly  spare;  they  will  not  abuse  it.  I 
never  knew  of  a  reporter  making  a  loafing  place  of  a  waather  office. 
They  are  busy  men  themselves,  and  have  other  places  to  go  when  they 
have  spare  time  on  their  hands.  In  your  talks  with  reporters  tell 
them  how  the  service  is  being  improved  all  along  the  line ;  tell  them 
what  you  are  doing  yourself  in  that  connection;  tell  them  of  in- 
stances occurring  where  weather  information  furnished  individuals 
has  proved  of  value ;  tell  them  of  law  cases  in  which  the  weather 
records  have  served  useful  purposes.  Do  not  fail  to  show  up  all  the 
good  points  that  you  can  think  of  in  favor  of  the  service.  I  don't 
mean  that  these  things  should  be  published  ;  when  it  comes  to  that, 
extreme  caution  must  be  used.  These  talks  are  to  impress  the  repor- 
torial  mind  with  the  importance  of  the  work  in  your  charge,  as  well 
as  that  of  the  whole  Bureau.  Not  all  newspaper  men  fully  under- 
stand the  scope  of  our  work,  but  when  one  does  he  becomes  a  medium 
through  which  much  good  may  be  accomplished,  whereas  before  he 
was  a  vehicle  to  be  used  with  extreme  caution. 

Now,  as  to  the  news  to  be  given  out.  You  have  a  difficult  task 
before  you,  for  the  reportei?,  perhaps,  has  only  a  "stickful  "  or  two 
of  space  at  his  command  and  he  wants  to  know  "  who,  where,  when, 
how,  and  why,"  regarding  everything  and  he  wants  his  information 
devoid  of  all  technicalities.  Elaborate  treatises,  perhaps,  have  been 
written  upon  a  subject  he  expects  you  to  fully  inform  him  upon  in  a 
sentence  or  two.  This,  of  course,  can  not  be  done,  but  you  can  always 
give  him  something  interesting  bearing  upon  the  subject,  and  here  is 
where  your  ability  comes  in  play.  Unusually  hot,  cold,  or  dry  spells, 
heavy  rainfalls,  and  winds  all  start  the  newspaper  boys  for  your 
office.  They  want  comparison  at  once,  and  if  your  records  are 
properly  kept  you  should  be  able  to  give  them  such  information.  If 
you  can  not,  you  have  reflected  discredit  upon  the  service;  the 
"  oldest  inhabitants  "  are  immediately  consulted  to  supply  the  de- 
ficiency, and  thus  the  public  mind  receives  further  confirmation  as 
to  the  changeableness  of  climate,  the  certainty  of  equinoctial  gales, 
the  infalibility  of  the  goose  bone  and  the  ground  hog  in  foretelling 
all  sorts  of  calamities. 

Another  class  of  news  to  be  furnished  consists  in  seasonal  occur- 
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rences,  such  as  early  and  late  frosts,  first  snows,  when  sleighing  can 
reasonably  be  expected,  annual  floods,  the  opening  and  closing  of 
navigation,  etc.  Every  ofiGice  should  have  these  data  tabulated,  and, 
as  the  season  approaches,  give  them  out  for  publication.  The  public 
will  be  interested  in  knowing  how  this  season  compares  with  others, 
and  the  newspapers  will  be  glad  to  be  the  medium  of  informing  it. 

Besides  this  class  of  news,  there  are  many  others  constantly  coming 
up  at  the  various  stations  which  can  not  be  classified,  but  from  which 
the  alert  weather  man  can,  if  he  tries,  make  something  that  will  be 
both  interesting  and  instructive  to  the  reading  public. 

We  should  ever  bear  in  mind  the  powerful  influence  of  the  press  for 
good  or  evil,  and  remember  that  each  official  is  one  of  the  cogwheels 
in  this  ponderous  machine,  as  far  as  it  concerns  the  welfare  of  the 
Weather  Bureau.  If  we  work  smoothly  with  the  rest  of  the  machine, 
all  is  well,  otherwise,  not  only  is  our  lot  an  unenviable  one  but  the 
whole  service  suffers  in  consequence. 

I  wish  also  to  call  attention  to  the  fact  that  if  a  manufacturer  or 
merchant  has  what  he  thinks  is  a  good  thing  for  the  public,  he  spends 
thousands  of  dollars  in  advertising  it.  We,  in  the  Weather  Bureau, 
know  that  we  have  a  good  thing  to  offer,  and  we  give  it  to  the  public 
without  money  or  price.  Under  these  circumstances,  it  is  our  duty 
to  advertise  our  wares  as  frequently  and  as  broadly  as  possible. 
There  is  no  better  medium  by  which  to  do  this  than  the  press, 
which  is  anxious  to  give  us  its  aid  as  freely  as  we  give  the  public  our 
wares.  Therefore,  in  closing,  I  will  say  that  whenever  these  oppor- 
tunities are  neglected  the  service  has  failed  in  its  duties  to  the  public. 
The  press,  and  through  it,  the  public  soon  become  dissatisfied  and 
eventually  the  official  so  offending  has  to  give  way  to  another,  with- 
out really  understanding  why  his  services  received  such  scant  recog- 
nition. 

Professor  Abbe.  As  editor  I  have  a  great  deal  to  contend  with  in 
the  way  of  sensational  reports  in  the  newspapers,  and  once  or  twice 
I  have  indulged  in  quite  severe  strictures  on  newspapers  for  making 
very  sensational  paragraphs  out  of  quite  ordinary  meteorological 
phenomena.  However,  I  do  not  suppose  the  Weather  Bureau  men 
are  responsible  for  this.  Lately,  I  noticed  that  one  of  our  map  dis- 
tributors got  his  name  in  the  paper  as  "  Professor  So-and-so,"  on  the 
strength  of  having  given  quite  an  account  of  a  case  of  ball  lightning 
which  was  really  not  ball  lightning  at  all. 

Professor  Moore.  In  regard  to  this  subject,  it  occurs  to  me  that 
the  Weather  Bureau  local  official,  in  speaking  for  the  public,  can 
learn  a  great  deal  from  the  newspaper  reporter.  I  have  spent  several 
years  of  my  life  in  a  newspaper  office.  I  was  not  very  successful  as 
a  newspaper  reporter,  and  therefore  they  made  a  Weather  Bureau 
official  of  me.  Now,  I  find  that  if  you  tell  a  newspaper  man  a  few 
facts,  he  will  gather  the  central  idea  immediately,  and  enlarge  upon 
it.  You,  in  your  technical  report,  will  often  lose  sight  of  the  most 
essential  piece  of  news  which  the  weather  map  contains  and  which 
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would  be  useful  to  the  people.  In  Washington,  as  Professor  Hazen 
knows,  we  have  been  endeavoring  to  write  our  reports  in  newsy  lan- 
guage, and  put  forth  officially  such  reports  as  the  newspaper  man 
would  write  if  he  had  the  technical  knowledge  we  possess. 

» 

Mr.  J.  Warren  Smith.  I  believe  that  the  way  for  an  official  of 

the  Bureau  to  promote  the  best  relations  with  commercial  and  scien- 
tific organizations  is  to  be  a  *'  man  among  men."  That  is  to  say,  go 
among  these  organizations  and  take  his  place  with  them  and  fill  it 
in  every  sense  of  the  word. 

If  a  man  can  not  intelligently  discuss  the  scientific  and  theoretical 
principles  relating  to  his  own  profession  scientific  men  have  no  time 
to  spend  with  him.  If  an  official  of  the  Bureau  can  not  meet  com- 
mercial bodies,  which  are  interested  in  the  very  matters  that  he  ia 
supposed  to  cover  in  his  work,  on  their  own  ground ;  if  while  asso- 
ciating with  farmers  he  does  not  appreciate  the  details  of  agricul- 
tural science  and  practice,  then  these  individuals  have  no  use  for  him, 
and  no  faith  in  the  benefits  that  he  is  trying  to  '^  impose  "  upon  them. 

Would  Professor  Moore  have  had  the  succIbss  that  he  did  while  in 
Milwaukee  or  Chicago  if  he  had  stuck  to  his  chair  as  if  the  bottom 
had  been  made  of  sealing  wax?  No,  indeed.  He  went  out  among 
the  people.  He  showed  them  that  he  was  an  expert  and  not  a 
prophet;  that  the  Bureau  which  he  represented  was  for  the  very  pur- 
pose of  benefiting  them,  and  that  he  was  there,  first,  to  find  out  what 
they  wanted  to  know,  and  then  to  turn  his  efforts  toward  the  success- 
ful foretelling  of  those  particular  features.  In  other  words,  he  studied 
his  customers,  which  is  of  just  as  much  importance  as  studying  your 
goods. 

The  day  has  gone  by  when  it  was  all  sufficient  for  a  Weather  Bu- 
reau official  to  sit  on  a  high  stool  beside  a  long  desk  poring  over 
papers  covered  with  mysterious  hieroglyphics,  and  look  wise  but  say 
nothing  when  a  man  did  venture  into  his  sanctum  sanctorum.  The 
public  is  being  educated  faster  than  we  are  if  we  fail  to  keep  in  touch 
with  the  world  and  its  ideas. 

The  only  way  that  a  business  or  a  professional  man  can  keep  up 
with  the  times  is  to  be  continually  on  the  alert.  And  in  this  age  of 
rapid  progress  in  all  the  arts  and  sciences,  as  well  as  in  agriculture, 
transportation,  and  ordinary  business  affairs,  we  become  antiquated 
unless  by  persistent  and  intelligent  effort  we  keep  abreast  of  the  times, 

Mr.  J.  Warren  Smith  offered  the  following  resolution: 

Betohed,  That  the  Weather  Bureau  officials  of  the  Department  of  Agriculture, 
in  convention  assembled  at  Omaha,  Nebr.,  October  13,  express  their  official  ap- 
preciation of,  and  personal  affection  for,  him  whose  executive  ability  and  innate 
kindness  of  heart  have  done  so  much  to  extend  the  usefulness  of  the  Weather 
Bureau  and  to  raise  the  standard  of  its  personnel.  We  extend  greetings  to  the 
Hon.  James  Wilson,  Secretary  of  Agriculture. 
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This  was  unaDimously  adopted  by  a  rising  vote,  and  the  secretary 
was  directed  to  send  a  copy  of  the  resolution  by  telegraph  to  the  Sec- 
retary of  Agriculture. 

Mr.  Sims.  The  duty  of  primary  importance  is  the  placing  before 
bodies  representing  the  welfare  of  the  people  as  much  practical  in- 
formation as  possible. 

The  best  method  of  procedure  in  order  to  make  plain  to  the  many 
interests  of  our  country  the  valuable  work  of  the  meteorologist  is  the 
common  concern  of  the  field  workers  of  the  Weather  Bureau. 

In  order  to  bring  about  the  fruition  of  our  hopes  we  must  go  ont 
in  the  highways  and  byways  of  commerce,  agriculture,  and  science, 
and  exact  as  tribute  attention  to  the  truth  acquired  by  the  pioneer 
investigators  and  zealous  students  who  are  blazing  the  way  across  the 
unexplored  realm.  We  must  lead  the  people  out  of  the  darkness  of 
ignorance  into  the  light  of  intelligent  meteorology. 

Great  principles  can  not  be  stated  in  a  few  hours  or  understood  in 
a  few  weeks ;  therefore,  we  must  cultivate  patience  and  persistence, 
and  find  strength  in  the  knowledge  and  belief  that  purity  of  purpose, 
the  common  heritage  of  us  all,  combined  with  zealous  effort  and 
readiness  to  profit  by  the  teachings  of  experience,  seldom  fails  of  its 
reward. 

A  detailed  survey  of  the  field  of  effort  makes  plain  the  fact  that 
the  special  need  of  our  time  is  meteorology  made  popular  and  prac- 
tical and  widely  disseminated.  To  meet  this  need  we  must  bring  our- 
selves to  the  level  of  the  plain  people  and  impart  to  them  in  simple 
language  a  knowledge  of  the  elementary  principles  of  meteorology  as 
found  in  the  prefatory  pages  of  the  book  of  nature. 

Any  system  of  instruction  must  start  by  taking  in  the  natural  en- 
dowments, and  must  provide  for  their  fullest  development.  We  must 
awaken  the  imagination  before  we  can  successfully  open  the  mind ; 
this  is  the  key  which  will  unlock  the  students'  inner  nature.  The 
well  informed  official  can  draw  aside  the  curtain,  see  what  is  there, 
and  sow  the  seeds  of  weather  lore  to  take  root  and  bear  fruitage  in 
the  world. 

There  are  certain  lines  on  which  the  early  meteorological  training 
of  commercial  men  must  necessarily  follow,  courses  distinct  from 
those  pursued  by  members  of  the  professions ;  yet  in  some  other  re- 
spects both  classes  can  pursue  a  parallel  course,  the  only  difference 
being  that  with  the  professional  the  process  is  slower,  both  in  work 
and  tangible  results.  We  must  apply  to  the  business  community, 
through  its  various  organizations,  the  methods  that  have  brought 
about  a  better  understanding  of  our  work  on  the  part  of  the  press. 

The  scope  of  the  practical  application  of  Weather  Bureau  reports 
will  increase  in  proportion  to  our  efforts  and  success  in  making  them 
easily  understood  by  the  business  men.  The  official  should  survey 
his  field,  district  the  business  section  of  his  city,  arrange  to  make 
timely  visits  to  the  merchants  especially  interested  in  and  benefited 
by  weather  reports,  and  get  them  in  touch  with  the  details  of  Weather 
Bureau  work.  As  a  general  rule  the  active  merchant  can  not  con- 
veniently devote,  during  business  hours,  the  time  necessary  for  that 
intensive  study  of  weather  publications  which  will  help  him  in  his 
work.  As  a  general  rule,  theory  neither  attracts  the  business  mind 
nor  arrests  its  attention,  and  increased  results  follow  only  when  mem- 
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bers  of  the  staffs  of  the  various  boards  and  exchanges  meet  with  the 
Weather  Bureau  officials  for  the  mutual  exchange  of  ideas  and  sug- 
gestions designed  to  increase  the  practical  application  of  weather  re- 
ports. Staff  officers  of  the  boards  and  exchanges  having  tKe  field  of 
effort  and  its  condition  constantly  before  the  mind's  eye  are  thor- 
oughly competent  to  answer  intelligently  questions  regarding  weather, 
crops,  and  prices. 

We  act  in  the  capacity  of  purveyors  of  facts  and  generalizations 
regarding  the  weather  in  shape  best  suited  to  the  various  business 
interests.  The  staff  officer  in  charge  of  the  bureau  of  information 
can  furnish  members  facts  and  figures ;  the  application  of  the  data 
is  the  concern  of  the  member. 

The  official  charged  with  the  duty  of  issuing  daily  synopses  of  the 
weather  should  keep  in  mind  the  interests  best  served  with  weather 
reports  and  incorporate  in  his  writings  such  timely  facts  as  will  best 
serve  particular  interests  during  critical  periods. 

To  the  assistants  on  stations  located  in  our  large  cities  should  be 
delegated  the  work  of  keeping  thoroughly  posted  on  grain,  cotton,  etc. 
They  should  cultivate  the  acquaintance  of  the  man  in  charge  of  the 
exchange  desk  of  a  great  daily  paper  and  secure  all  exchanges  con- 
taining interesting  items  regarding  the  weather.  They  should  seek 
to  induce  elevator  companies  and  extensive  grain  dealers  to  give 
copies  of  the  daily  rainfall  information  received  by  them  from  cor- 
respondents located  in  the  principal  wheat,  corn,  and  cotton  belts. 
The  superintendent  of  telegraph  of  the  granger  railroads  should  be 
requested  to  secure  from  train  dispatchers  along  the  line  of  their  roads, 
at  the  time  of  test,  reports  of  rainfall  or  damage  by  storm.  Prob- 
ably this  could  be  considered  qs  railroad  business,  and  not  in  viola- 
tion of  the  contract  by  which  a  railroad  leases  wires  from  a  telegraph 
company  for  the  transaction  of  railroad  business.  The  principal 
wheat,  corn,  and  cotton  areas  should  be  plotted  on  a  chart  by  town- 
ships, together  with  the  percentage  of  yield  as  given  by  the  United 
States  Department  of  Agriculture,  the  acreage  on  which  the  percent- 
age is  based,  and  the  daily  rainfall. 

A  synopsis  of  the  rainfall,  together  with  interesting  information 
regarding  the  effect  of  weather  on  crops,  should  be  printed  on  the 
back  of  the  chart.  To  be  plain,  we  should  have  our  wheat  man,  our 
corn  man,  our  cotton  man,  on  each  large  station  keep  thoroughly 
posted  on  specialties  from  seedtime  to  harvest,  and  write  his  line  in 
a  popular  style  and  publish  a  daily  synopsis,  especially  during  critical 
periods.  Each  popular  bulletin  should  give  the  situation  up  to  date 
and  be  progressive ;  the  latest  bulletin  should  contain  a  statement  of 
the  salient  features  of  the  preceding  sheets.  This  system  is  calculated 
to  serve  as  a  herald  of  the  great  weekly  crop  bulletin  now  issued  from 
the  Central  Office. 

Many  business  men  of  to-day  have  not  had  the  benefit  of  even  the 
least  personal  study  of  meteorology,  and  I  know  of  no  better  method 
of  lifting  them  to  a  normal  meteorological  plane  than  that  of  giving, 
during  the  winter  evenings,  when  "smokers"  and  "kommers"  are  in 
order,  short  talks  on  the  practical  use  of  weather  reports,  and  impart- 
ing to  them  in  a  simple  way  the  gist  of  the  information  that  is  con- 
tained in  the  chapters  on  meteorology  printed  in  the  standard  physical 
geographies  for  the  benefit  of  our  future  commercial  men.  As  a  gen- 
eral rule,  many  leave  school  and  enter  upon  a  business  career  with  a 
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bare  modicam  of  knowledge  of  the  higher  branches  of  study.      For 
that  class  the  chapter  on  meteorolc^y  has  especial  value. 

The  daily  weather  map  is  the  one  publication  around  which  the 
structure  of  our  Bureau  is  being  erected.  The  business  men  of  to-day 
require  an  early  service,  and  that  demand  will  be  satisfied  if  the  offi- 
cial will  glean  the  most  salient  features  of  the  daily  map  and  present 
them  to  the  business  men  in  the  form  of  an  attractive  bulletin. 
Pictures  and  drawings  please  the  popular  fancy,  for  the  reason  that  they 
require  a  minimum  of  effort  to  comprehend.  They  are  intelligible  to 
the  mind  insufficiently  tutored  to  intelligently  conclude  from  a  colamn 
of  figures.  A  picture  of  the  weather  and  temperature  flags  to  the 
right  of  the  wording  of  the  daily  forecast,  the  Washington  forecaat, 
in  red ;  the  cold  wave,  information,  or  other  signal,  to  the  right  of 
the  wording  of  the  warning  message  received  from  the  Central  Office, 
in  blue ;  the  synopsis  of  the  weather  report,  in  black ;  in  short,  all 
the  information  that  an  official  has  at  his  disposal  can  be  sent  out  in 
a  simple  and  attractive  form  one  hour  earlier  than  the  weather  map. 

The  Monthly  Weather  Review  commands  respect  and  admiration, 
but  it  is  unknown  to  the  plain  people,  for  the  reason  that  it  does 
not  appeal  to  them  in  a  popular  form.  All  interests  would  be 
well  subserved  by  maintaining  the  present  high  standard  of  the  Re- 
view, while  also  adding  elementary  lessons  tending  to  explain  the 
alpha  and  omega  of  (he  aerial  ocean.  The  Weather  Bureau  kite  could 
be  used  as  a  vehicle  for  these  popular  trips  through  the  atmosphere 
and  affords  a  popular  way  to  treat  storms  of  the  month. 

Normal  colleges  are  well  fitted  to  materially  aid  in  the  mission  of 
educating  the  public  in  meteorology,  for  the  reason  that  many  of  their 
graduates  enter  the  ranks  of  teachers..  A  little  effort  and  tact  on  the 
part  of  the  official  will  result  in  preparing  such  students,  eo  that  when 
they  enter  the  ranks  as  teachers  they  will  be  thoroughly  competent  to 
explain  in  simple  language  the  weather  maps  and  cards  posted  in  the 
olass  rooms. 

At  teachers'  institutes,  such  as  are  held  every  year  in  the  Empire 
State,  the  secretary  can  arrange  to  have  papers  on  meteorology  in  its 
relation  to  school  work  read  and  discussed,  and,  with  them,  short 
talks  on  how  to  use  weather  reports  will  be  productive  of  much  good. 

Many  fortunate  young  men  of  our  cities,  towns,  and  hamlets  are 
temporarily  absent  from  the  home  fireside  while  attending  college. 
As  a  general  rule,  they  arrange  to  spend  the  vacation  season  at  home. 
At  that  time  it  may  be  easy  for  the  official  to  interest  a  young  college 
man  in  the  modus  operandi  of  a  station  of  observation.  In  one  case, 
at  least,  such  effort  has  lead  to  the  organization  of  a  science  club  at 
t^ollege  and  the  acceptance  of  questions  in  meteorology  as  subjects  for 
debate. 

Such  work  is  well  calculated  not  only  to  interest  the  parent  in  our 
service,  but  tends  to  cause  the  student  to  study,  not  with  the  mere 
object  of  attaining  high  marks  in  the  class  room,  but  the  further 
object  of  turning  such  study  to  practical  account  after  he  enters  the 
business  world  to  achieve  his  own  fortune. 

Even  the  kindergarten  presents  a  field  in  which  one  can  make 
primitive  meteorology  the  favorite  nature  study.  The  official  can 
cooperate  with  the  teacher  by  furnishing  drawings  of  a  cloud  form,  a 
thermometer,  a  barometer,  a  wind  vane,  a  rain  gauge,  etc.  One  child  can 
cut  while  another  can  paste  the  pieces  together.    In  this  connection  I 
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would  suggest  that  this  matter  be  brought  to  the  attention  of  th& 
National  Educational  Association,  with  a  view  to  having  the  work 
herein  outlined  introduced  in  the  schools  of  our  land. 

It  might  be  of  interest  to  you  to  know  that  our  maps  are  eagerly 
scanned  by  the  pupils  in  the  Institution  for  the  Instruction  of  the- 
Deaf  and  Dumb.  The  supervisor  of  that  institution  was  instructed 
in  our  methods,  and  now  some  of  his  boys  are  well  advanced  in  ele« 
mentary  work. 

Some^time  ago  a  gentleman  called  at  the  Albany  office  of  the- 
Weather  Bureau  and  stated  that  the  young  men  at  the  General  Klec-^ 
trie  Works  were  so  interested  in  the  weather  map  that  he  was  obliged 
to  remove  it  from  his  office  room  to  the  hall.  When  we  consider 
that  these  student  engineers  come  from  all  quarters  of  the  globe, 
such  a  report  is,  to  say  the  least,  most  gratifying. 

An  interest  in  meteorology  can  be  stimulated  by  the  incorporation 
in  the  regents'  examination  papers  of  questions  relative  to  the  ele-^ 
ments  of  this  subject. 

Secular  schools  offer  a  wide  field  for  legitimate  effort,  but  not  the 
only  field,  as  you  will  learn  through  the  following  incident:  Not  long 
ago  it  was  my  good  fortune  to  casually  meet  the  pastor  of  a  church 
to  whose  care  is  confided  the  management  of  the  House  of  Shelter. 
While  homeward  bound  the  conversation  flitted  from  one  subject  to 
another,  and  finally  rested  on  the  topic  of  the  weather  and  the  fore- 
cast made  by  the  Weather  Bureau  for  the  great  floral  parade  held  at 
Saratoga,  N.  Y.  The  conversation  brought  out  the  fact  that  the 
clergyman  was  inclined  to  the  belief  that  the  study  of  meteorology 
tended  to  make  man  agnostic.  He  also  stated  that  it  gave  me  em-^ 
ployment,  and  thereby  operated  in  the  direction  of  doing  good.  I 
pleaded  in  bar  trial  to  the  first  specification,  and  guilty  to  the  sec- 
ond. I  told  my  friend  I  was  glad  to  learn  where  he  stood,  for  the 
simple  reason  that  it  afforded  me  an  opportunity  to  labor  in  a  rich^ 
uncultivated  field,  and  sow  acquired  truth.  I  stated  my  belief  that 
agnosticism  was  not  favored  by  scientific  pursuits,  and  assured  him 
that  the  study  of  meteorology  brought  the  creature,  man,  nearer  the. 
Creator.  I  pointed  out  to  him  a  line  on  which  Sunday  school  teach^ 
ing  could  be  made  interesting.  Observation  teaches  us  that  the  com- 
parative and  inquisitive  mind  finds  difficulty  in  harmonizing  the 
doctrine  of  the  three  persons  as  one  and  the  same  (The  Trinity) ;  it 
very  often  proves  a  stumbling  block  unless  we  seek  its  counterpart  in 
nature,  e.  g.,  hail,  rain,  snow,  the  three  totally  different  in  appear- 
ance, yet  when  subjected  to  heat  the  same — water.  I  stated  that 
meteorology  had  lifted  the  veil  for  me,  and  while  I  could  reason  in 
the  abstract,  to  my  own  satisfaction,  at  least,  as  to  whence  we  came 
and  whither  we  are  drifting,  I  could  not  conceive  of  a  beginning  for 
the  Creator  himself;  however,  in  the  light  of  past  events,  and  in  view 
of  the  fact  that  meteorology  had  solved  many  perplexing  problems 
for  me,  I  looked  forward  to  a  future  replete  with  bright  promise.  I 
assured  him  that  I  would  not  advocate  the  substitution  of  philosophy 
for  religion,  or  unduly  cultivate  the  abstract  reason  as  the  basis  of 
the  former,  and  ignore  the  superhuman  as  the  condition  of  the  latter. 
Admitting  that  all  projects  fail  when  they  do  not  tend  to  cultivate 
the  spiritual  sense  which  reveals  God,  we  should  teach  that  moral 
freedom  is  the  chief  end  of  man,  and  that  among  other  methoda 
meteorology  can  also  be  used  as  a  means  to  that  end.     My  friend  in 
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parting  urged  me  to  think  of  more  illustrations  for  him.  This  comes 
under  the  head  of  special  privilege,  for  the  reason  that  it  is  the  best 
method  of  promoting  the  interests  of  meteorology,  and  tends  to  con- 
verge all  paths  to  the  brotherhood  of  man  and  the  Fatherhood  of  God. 

When  requests  for  maps  are  received  from  teachers  and  others  in- 
terested in  our  work  it  would  be  well  to  state  in  reply  that  the 
Weather  Bureau  extends  the  courtesies  of  the  office,  and  that  the 
official  in  charge  would  be  pleased  to  have  the  teacher,  scholars,  and 
others  call  when  they  next  visit  the  city,  and  learn  the  modus  oper- 
andi of  a  station  of  observation.  Such  an  invitation  will  invariably 
be  looked  upon  as  special ;  it  will  be  far  more  effective  than  the  gen- 
eral invitation  printed  in  our  publications. 

We  should  seek  opportunities  and  get  in  touch  with  agricultural 
associations  for  the  purpose  of  devising  ways  and  means  for  obtaining 
and  furnishing  the  data  best  suited  to  show  the  importance  of  local 
climate  upon  plant  life.  We  help  to  place  the  American  farmer 
above  competition  by  enabling  him  to  make  the  most  of  his  acres 
through  the  selection  of  plants  best  adapted  to  his  soil  and  climate. 

In  all  cities  the  problem  of  the  water  supply  is  becoming  more 
perplexing.  We  should  consult  the  engineering  association  and 
other  scientific  organizations,  learn  of  their  needs  in  our  line,  and  set 
about  to  furnish  the  data. 

The  medical  associations  and  sanitary  architects  of  to-day  are  not 
at  all  decided  as  to  the  Hues  on  which  our  work,  so  far  as  relates  to 
them,  should  be  laid  down.  We  must  take  the  initiative.  To  the 
casual  observer  it  appears  likely  that  in  the  study  of  atmospheric 
pressure  during  the  season  when  the  ground  is  frozen  may  be  found 
the  true  solution  of  a  problem  involving  sanitary  architecture. 

As  is  well  known  there  is  an  afflicted  element  in  our  population 
who  are  always  seeking  to  restore  health,  prolong  life,  or  ward  off 
threatened  disease.  For  them  and  the  guardians  of  the  public  health 
a  publication,  giving  a  classification  of  climates  best  adapted  to 
combat  diseases  in  their  various  stages,  would  be  valuable  and  would 
fill  a  public  want.  The  publication  should  give  the  location  of  all 
sanitariums,  the  elevations,  and  local  climatology,  also  the  routes  by 
States  and  seasons  over  which  patients  can  best  travel.  With  such 
a  publication  at  hand  the  physician  could  map  out  a  trip  with  a  view 
solely  to  the  patients  welfare,  and  not  leave  the  matter  to  a  ticket 
agent  who  is  trammeled  by  the  consideration  of  commissions,  etc. 
In  every  community  one  can  find  some  old  mechanic  whose  associ- 
ates and  surroundings  are  of  a  thoroughly  bohemian  character.  The 
arguments,  and  all  incident  thereto,  given  and  taken  over  the  work 
bench  possess  a  value  and  often  prove  far  reaching  in  their  results ; 
such  men  may  be  found  to  be  competent  to  discuss  subjects  in  ele- 
mentary meteorology  and  devise  apparatus  and  mechanisms. 

One  could  go  on  ad  infinitum  pointing  out  where  it  is  possible 
to  open  up  new  lines  of  activity.  Experience  teaches  that  as  to 
meteorology  it  is  much  easier  to  instruct  the  young  than  to  convince 
the  old.  We  need  to  labor  all  the  more  diligently  with  those  who 
have  attained  maturity,  for  it  is  among  the  older  members  of  a  com- 
munity that  we  find  a  proneness  to  criticise  unjustly  and  unfavorably 
that  which  they  do  not  understand.  Our  efforts  to  spread  the  truth 
will  lift  us  above  our  own  intellectual  horizons  and  give  us  glimpses 
of  the  light  beyond. 
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In  coDclusioD,  it  may  be  stated  that  absolutely  correct  weather 
forecasts  would  bring  about  universal  peace  of  mind,  prosperity,  hap- 
piness, and  all  that  is  truly  good.  How  to  gain  a  comprehensive 
knowledge  of  the  surgings,  tossings,  and  pulsations  of  the  aerial 
ocean  has  occupied  my  leisure  moments  ever  since  I  began  to  study 
the  serious  side  of  our  work,  and  while  I  have  perceived  many  objec- 
tions, surmounted  many  obstacles,  and  eliminated  many  faults  in 
my  plan  designed  to  better  our  instrumental  equipment,  I  am  loath 
to  explain  it  now,  for  the  reason  that,  while  I  firmly  believe  it  will 
prove  to  be  practical,  I  am  not  thoroughly  satisfied  with  it,  and  to  a 
casual  observer  it  will  appear  frivolous  and  only  worthy  of  a  place 
among  iridescent  dreams.  However,  be  that  as  it  may,  the  mechan- 
ism I  have  in  mind  is  intended  to  make  a  continuous  record  on  a 
movable  board,  so  that  an  official  can  step  into  the  instrument 
room  at  any  moment  and  get  a  kaleidoscopic  view  of  the  bends  and 
changes  in  the  isobaric  and  isothermal  lines  and  their  history  for  the 
day.*  The  Cen.tral  Office  register  or  map  maker  is  to  have  a  number 
of  coils,  two  for  each  reporting  station,  each  pair  of  which  acts  as 
automatic  cut-outs  and  completes  the  circuit  through  the  up  or  down 
pen  of  its  own  station,  and  thereby  induce  in  the  Central  Office  arm 
the  motion  of  the  corresponding  station  arm.  The  synchronizing 
circuit  of  the  central  Washington  clock  is  to  be  used  for  this  auto- 
matic work.  The  system  herein  outlined  could  be  best  perfected  by 
experimental  work  in  the  Central  Office  laboratory  where  a  number 
of  barographs  and  thermographs  could  be  subjected  to  variable  pres- 
sure and  temperature  and  cut  in  on  an  improvised  circuit.  The  con- 
siderations entering  into  the  question  of  the  adoption  of  the  plan 
outlined  are  cost  and  value.  It  may  be  stated  that  this  method  pro- 
vides for  a  minimum  of  telegraph  service — the  man  on  guard  would 
send  out  warnings  of  no  uncertain  value,  and  only  in  the  direction 
in  which  warnings  are  needed.  The  data  secured  would  in  all  proba- 
bility advance  the  standard  of  meteorology  far  beyond  the  hopes 
of  the  mortal  of  to-day.  It  would  revolutionize  and  simplify  our 
service,  and  bring  to  the  perception  of  finite  man  that  which  is  now 
infinitely  beyond  his  ken. 

In  this  connection  I  respectfully  suggest  that  a  sketch  plan  and 
specifications  of  the  proposed  system  be  made  and  submitted  to  our 
station  men  for  study,  suggestion,  and  remark.  Make  it,  as  it  were, 
a  contribution  to  meteorology  from  America.  After  all  the  testi- 
mony is  in,  the  Central  Office  staff  can  classify  all  suggestions  and 
remarks  of  apparent  value  and  evolve  the  best  mechanism  to  bring 
about  the  fruition  of  our  hopes. 

Professor  Abbe.  I  have  always  been  curious  to  know  how  many  of 
our  men  have  actually  done  something  toward  getting  meteorology 
taught  in  schools.  How  many  of  you  have  had  a  chance  to  talk  to 
schools,  or  colleges,  or  universities,  or  to  teachers,  in  any  way  ? 
Please  rise. 

(Nearly  everybody  present  rose.) 

*  A  spider  web  with  its  occupant  crossing  the  radial  lines  does  not  look  unlike 
the  chart  the  mechanism  would  make.  Meridians  and  parallels  stand  for  lines 
in  web,  and  storm  areas  crossing  plots  take  place  of  spider.— A.  F.  8. 
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Mr.  T.  B.  Jennings.  I  would  like  to  go  a  little  further.  The  schoo] 
is  not  the  only  place  where  you  can  teach.  I  find  the  Epworth 
League,  and  organizations  of  that  kind,  very  anxious  to  receive  this 
information.  At  Topeka  we  have  a  number  of  organizations  of  that 
character,  and  they  give  me  very  frequent  calls.  I  have  to  make 
regular  visits  to  the  city  schools  and  the  schools  near  the  town,  bat 
in  addition  to  that  there  are  Epworth  League  and  other  organizations 
of  a  literary  nature  in  the  town.  You  can  create  an  interest  in  the 
subject  of  meteorology  by  bringing  it  to  the  attention  of  these 
meetings. 

TOPIC  No.  8.— MBTBOROLOOIOAIi  STATISTICS :  UGW  TO  IM- 
PROVE THBM  THAT  THEY  MAT  MEET  THE  NEEDS  OF  THB 
MEDICAL  PROFESSION.  HYDRAULIC  AND  SANITARY  ENGhl- 
NEERS.  PROMOTERS  OF  IRRIQATION  PROJECTS,  ETC.,  AND 
DOES  THE  PRESENT  MONTHLY  SECTION  REPORT  MEET  SUCH 
NEEDS? 

E.  W.  McOaitm,  New  Brunswick,  N.  J.,  and  W.  M.  Wilsoh,  MUwaokee,  Wis. 

Mr.  McGann.  Owing  to  the  very  limited  time  at  my  disposal,  I  find 
it  impossible  for  me  to  enter  into  a  lengthy  discussion  of  the  sub- 
ject, "Meteorological  statistics:  How  to  improve  them  that  they 
may  meet  the  needs  of  the  medical  profession,  hydraulic  and  sani- 
tary engineers,  promoters  of  irrigation  projects,  etc."  In  New  Jersey 
the  meteorological  data  already  collected,  tabulated,  and  published 
from  time  to  time,  have  been  of  incalculable  value  to  the  several  pro- 
fessions named. 

As  far  back  as  1886,  the  late  Prof.  George  H.  Cook,  Director  of  the 
New  Jersey  Weather  Service,  said  that  the  objects  of  the  service  would 
be  to  observe  and  utilize  every  feature  of  the  weather  that  affects  the 
prosperity  of  the  citizens  of  our  State  as  to  crops,  health,  life,  etc. ;  that 
it  would  give  to  every  county  a  government  standard  of  temperature 
and  rainfall;  that  it  would  put  within  the  reach  of  local  agricultural 
societies  means  of  accurate  observation  which  in  course  of  time  must 
be  valuable  to  any  locality  in  the  study  and  adaptation  of  cereals ;  that 
it  would  lead  to  the  collection  of  rainfall  data  over  the  different  water- 
sheds of  the  State  of  New  Jersey  which  supply  the  waterworks  of  our 
large  cities;  that  it  would  call  attention  to  our  winter  and  summer 
resorts  as  to  their  desirability  as  residences  and  to  a  better  practice 
of  medicine,  when  the  physicians  throughout  the  State  could  study 
disease  with  reliable  and  accurate  data  by  their  side ;  that  it  would 
give  valuable  aid  to  engineers,  in  the  study  of  the  rise  and  flow  of  the 
various  streams,  and  also  furnish  invaluable  information  in  the  study 
of  irrigation.  Now  to  prove  that  we  have  done  all  this,  I  respect- 
fully refer  you  to  the  subjoined  letters  from  celebrated  engineers  and 
professors  of  our  State  experiment  station,  as  to  the  practical  value  of 
the  work  already  performed  by  the  New  Jersey  section: 

New  Jersey  Agricultural  College  Experiment  Station, 

Ifew  BrunsiDick,  If,  J,,  October  5, 1898. 

Dear  Mr.  McGann:  Concerning  the  weather  reports  and  crop  bulletins  issued 
from  your  office,  I  find  both  of  them,  in  different  ways,  to  be  of  great  importance 
to  me.  The  development  of  insects  is  influenced  to* a  very  large  extent  by  the 
weather,  and  sometimes  by  the  weather  during  a  very  brief  period. 
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This  has  been  known  in  a  general  way  for  a  long  time;  but  heretofore  we  had 
only  a  vague  conviction  that  a  season  was  wet  or  dry.  Since  I  have  had  your 
reports  for  constant  and  ready  reference  I  have  been  able  to  certainly  connect 
the  unusual  abundance  of  certain  species  with  certain  weather  phenomena. 
Thus,  I  have  been  able  to  warn  melon  growers  in  our  State  that  whenever  there 
was  constant  warm,  pleasant  weather,  with  moderate  rainfall,  between  June  15 
and  July  10,  they  mieht  expect  serious  injury  from  the  melon-plant  louse;  but 
whenever,  between  those  dates,  there  occurs  a  heavy  or  cold  storm,  little  or  no 
injury  is  to  be  anticipated.  This  one  fact,  definitely  established,  is  of  great 
money  value  to  our  vine  truck  growers,  since  it  enables  them  to  either  prepare 
for  fighting  the  insects  or  for  substitute  crops,  in  case  they  prefer  not  to  do  so. 

Other  cases  might  be  cited  of  equal  importance^  but  this  is  enough  as  an  instance 
of  why  1  consider  the  reports  of  such  great  service  to  me. 

The  crop  bulletin,  with  the  service  so  well  established  throughout  the  State, 

fives  a  weekly  picture  of  the  conditions  as  they  appear  to  the  farmer,  and  ena- 
les  me  in  many  cases  to  note  the  appearance  of  an  unusual  or  threatening  pest, 
while  in  all  cases  I  have  at  the  end  of  the  season  an  account  of  all  the  notable 
insect  occurrences  of  the  season. 

The  service,  from  this  one  standpoint  alone,  is  abundantly  worth  all  that  it 
costs. 

Very  truly  yours,  John  B.  Smith. 

New  Yobk,  (kioher  4, 1898. 
Mr.  E.  W.  McGann, 

Director,  New  Jeney  Weather  Bureau,  New  Srunnnck,  N.  J, : 

Dear  Sib:  During  the  period  from  1890  to  1894  I  was  engaged  in  investigating 
the  capacity  of  the  streams  of  New  Jersey  to  furnish  water  for  public  water 
supply  or  for  water  power.  In  connection  with  that  investigation  I  gauged  a 
number  of  streams  in  the  State,  and  obtained  from  you  contemporaneous  rain- 
fall measurements  upon  the  several  watersheds.  The  purpose  of  my  investiga- 
tion was  largely  to  determine  the  relation  between  the  run-off  and  the  rainfall, 
and  to  trace  the  storage  of  rainfall  in  the  subsoil  and  its  later  delivery  to  the 
stream  during  periods  of  light  rainfall.  In  connection  with  this  work  your 
rainfall  statistics  were  of  the  greatest  value.  If  you  had  not  been  in  position 
to  furnish  them,  the  expense  of  mv  investigations  would  have  been  greatly 
increased,  and  to  such  an  extent  that  their  practicability  would  have  been 
threatened.  In  connection  with  this  and  other  investigations,  I  have  used  your 
records  continuously  since  the  inception  of  your  work,  and  they  have  proved 
to  be  of  great  value. 

My  practice  in  New  England  and  the  Middle  States  being  mainlfr  in  the  line 
of  water  supplv  and  water  power  has  made  me  so  dependent  upon  the  work  of 
our  Weather  Bureau  that  I  can  scarcely  conceive  of  the  possibility  of  going  back 
to  the  conditions  of  some  years  ago.  It  yearly  becomes  necessary  to  estimate 
more  accurately  the  amount  of  precipitation,  evaporation,  percolation,  and 
run-off  of  our  several  stream  basins.  Indeed  there  are  many  questions  still  to 
be  solved  in  this  connection,  and  the  results  of  such  a  thorough  study  of  the 
subject  as  is  made  possible  by  such  full  records  as  vou  have  kept  in  New  Jersev 
will  undoubtedly  add  largely  to  our  knowledge  of  tne  laws  and  conditions  which 
affect  the  yield  of  streams,  the  height  of  the  water  table  in  the  ground,  the 
amount  of  evaporation,  etc.  These  problems  are  important  to  the  h3rdraulic 
engineer,  the  sanitarian,  and  the  scientific  farmer  or  horticulturist.  It  is  espe- 
cially advantageous  to  have  the  stations  close  together,  as  you  have  them  in 
New  Jersey,  where  they  are  so  distributed  as  to  properly  represent  the  different 
types  of  topography  and  varying  exposures  to  the  storm  winds. 

I  have  long  been  of  the  opinion  that  the  best  way  to  determine  the  relative 
amount  of  evaporation  from  lorested,  cultivated,  or  barren  country  is  to  carefully 
measure  the  rainfall  for  such  areas  and  at  the  same  time  the  amount  of  water 
running  off  in  the  streams.  Such  observations  over  a  number  of  well-selected 
watersheds  must  give  more  accurate  information  than  any  experiments  on  a 
more  limited  scale.  The  planning  of  the  important  and  costly  works  needed  to 
supply  water  to  our  cities,  to  dispose  of  their  sewage,  to  produce  water  power  for 
electric  transmission,  etc.,  requires  accurate  knowledge  as  to  the  yielding  capacity 
of  our  streams,  the  ultimate  source  of  which  is,  of  course,  the  rainfall.  Further- 
more, I  have  long  been  of  the  opinion  that  there  is  a  fairly  well-defined  connec- 
tion between  the  prevalence  of  certain  diseases  and  the  rise  and  fall  of  the  water 
in  the  ground.    I  will  note  in  this  connection,  however,  that  the  rise  and  fall 
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of  thiB  ground  water  is  not  always,  as  has  sometimes  been  sapposed,  exactly 
contemporaneous  with  the  occurrence  of  heavy  or  light  rainfall. 

But  tne  engineer  or  sanitarian  is  also  concerned  with  the  temperature,  which 
increases  or  oecreases  the  amount  of  evaporation.  He  is  likewise  interested  in 
the  wind  movement  and  position  of  the  barometer.  In  fact,  he  needs  daily  the 
fullest  possible  record  of  the  weather  conditions  in  his  district.  I  can  not  folly 
express  my  appreciation  of  the  value  to  me  of  such  records  as  you  are  making 
in  l^ew  Jersey. 

Yours  truly,  C.  C.  Verkkulx. 

Prof.  B.  D.  Halsted  of  the  New  Jersey  State  Experiment  Station, 
New  Brunswick,  states  as  follows : 

The  meteorological  data  compiled  by  the  Weather  Service  are  of  great  value 
to  me  in  my  work  in  many  ways. 

Ist.  By  means  of  the  weekly  crop  bulletin  I  am  informed  of  the  condition  of 
the  various  crops  as  concerns  their  fungous  diseases. 

2d.  The  bulletin  gives  an  opportunity  for  informing  the  crop  growers  upon  the 
nature  of  certain  outbreaks  of  rust  or  blight,  with  remedies  for  the  same. 

3d.  The  monthly  record  of  the  weather  is  of  special  importance  to  me  in  my 
work  with  plant  diseases. 

4th.  The  annual  reports  are  most  of  all  important,  as  a  record  of  meteorologi- 
cal facts  from  which  generalization  may  be  drawn  of  great  value  to  crop  growers. 

The  following  statement  is  by  Director  E.  B.  Voorhees,  of  the  New 
Jersey  State  Experiment  Station  : 

The  New  Jersey  Experiment  Station  has  for  the  past  four  years  been  making 
a  study  of  the  need  of  irrigation  in  the  State,  and  in  this  work  the  records  of 
the  Weather  Service,  both  in  reference  to  the  rainfall  and  temperatures,  have 
been  of  inestimable  service.  From  these  data  we  are  able,  not  only  to  deter- 
mine the  deficiency  in  rainfall  from  the  standpoint  of  actual  supply  of  water  to 
plants  from  that  source,  but  also  the  influence  upon  the  flow  of  streams  from 
which  irrigation  waters  may  be  derived.  Thus^  a  careful  study  of  this  matter 
has  indicated,  not  only  the  direct  need  of  additional  water,  but  the  areas  that 
are  capable  of  being  brought  under  water  by  means  of  ditches  and  canals.  It 
has  been  shown  that  even  in  the  driest  year  which  has  been  experienced,  and 
in  which  the  need  of  water  is  very  great,  the  supply  from  streams  is  sufficient 
to  irrigate  325,000  acres,  which,  if  properly  managed,  and  at  a  reasonable  cost, 
would  incr«ise  the  value  of  the  agricultural  products  at  least  30  per  cent.  As 
before  stated,  the  data  upon  which  this  conclusion  is  based  could  not  have  been 
derived  without  the  careful  records  of  rainfall  and  temperature. 

Mr.  Wilson.  By  arrangement  between  my  colleague  and  myself,  it 
has  been  agreed  that  my  remarks  should  be  confined  principally  to 
climatic  statistics  as  applied  to  what  may  be  termed  medical  meteor- 
ology. There  can  be  no  question  as  to  the  intimate  relation  existing 
between  climatic  conditions  and  the  production  and  the  cure  of  dis- 
ease, and  the  truth  of  this  statement  has  been  most  forcefullv  illus- 
trated  by  the  experience  of  our  troops  in  the  recent  Cuban  and  Puerto 
Rican  campaigns. 

The  origin  of  diseases  which  are  produced  or  propagated  by  certain 
conditions  of  temperature,  moisture,  and  wind  can  be  studied  only  in 
the  light  of  a  complete  and  comprehensive  knowledge  of  the  meteor- 
ological conditions  which  go  to  make  up  the  climate  where  such  dis- 
eases are  found,  and  manifestly  it  is  one  of  the  important  duties  of 
the  Weather  Bureau  to  furnish  this  information  in  proper  statistical 
form  for  such  investigations. 

Two  questions  immediately  present  themselves:  1st.  What  particu- 
lar meteorological  statistics  are  needed  by  the  medical  profession  in 
order  to  enter  upon  an  investigation  of  the  origin  and  prevention  of 
those  diseases  known  to  be  largely  dependent  upon  the  influence  of 
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climate  ?  2d.  Does  the  present  form  of  statistical  information  meet 
the  requirements  in  this  connection  ?  It  is  a  well-established  fact 
that  the  propagation  of  the  germs  of  disease,  so  far  as  the  natural 
conditions  of  climate  are  concerned,  depends  mainly  upon  the  proper 
degree  of  temperature  and  a  sufficiency  of  moisture,  but  the  exact 
degree  of  temperature  which  is  most  favorable  for  their  development 
and  growth  or  that  under  which  their  destruction  is  most  readily 
accomplished  must  be  determined  for  each  special  group  by  experi- 
mental investigation.  To  illustrate:  The  germs  of  yellow  fever  are 
destroyed  or,  at  least,  rendered  latent  by  a  freezing  temperature,  while 
those  of  typhoid  fever  and  smallpox  resist  almost  any  ordinary  degree 
of  heat  or  co]d.  It  has  been  only  of  comparatively  recent  date  that 
the  so-called  "germ  theory"  has  taken  firm  hold  upon  the  medical 
profession,  and  there  are  still  many  eminent  physicians  who  are 
sceptical  as  to  the  truth  or  value  of  the  theory,  and  argue,  with  much 
show  of  reason,  that  climatic  conditions  have  more  to  do  with 
decreasing  the  power  of  the  human  organism  to  resist  disease  than  in 
vitalizing  the  germs  to  the  point  of  aggressive  activity.  The  truth 
probably  lies  between  the  two  extremes,  but  the  difficulties  to  be 
encountered  in  an  investigation  of  this  character  render  a  speedy 
solution  of  the  problem  extremely  improbable.  In  either  case,  how- 
ever, climatology  is  the  important  factor,  and  it  can  scarcely  be  said 
to  be  the  province  of  the  Bureau  to  settle  the  biological  question. 

During  recent  years  there  has  been  some  work  attempted  and  some- 
thing accomplished  in  the  field  of  medical  meteorology,  but  what 
has  been  done  can  scarcely  be  called  even  a  beginning.  The  ground 
has  not  yet  been  marked  out,  nor  the  lines  upon  which  the  investiga- 
tion should  proceed  established.  The  work  thus  far  accomplished 
has  been  often  done  by  those  not  actively  engaged  in  the  practice  of 
the  profession,  and  ofttimes  with  but  little  support  or  encouragement. 
Indeed  the  average  practitioner  has  little  time  and  scarcely  any 
opportunity  for  original  research,  especially  on  a  line  requiring  a 
specialized  knowledge  of  both  medicine  and  meteorology. 

His  energies  are  directed  to  subjects,  which  if  less  difficult,  are  to 
his  mind  more  practical,  and  give  greater  promise  of  immediate 
returns,  and  for  future  progress  in  this  direction  we  must  still  look 
to  those  who  are  without  the  active  ranks  of  the  profession. 

In  regard  to  the  form  in  which  meteorological  statistics  should  be 
prepared  for  the  use  of  the  medical  profession,  it  would  seem  that 
there  is  greater  need  of  an  active  effort  to  increase  the  interest  of  the 
rank  and  file  of  the  profession  in  the  work  already  done,  and  to 
secure  their  cooperation  for  the  future,  than  of  any  elaborate  change 
in  the  present  methods  of  publication  of  our  climatological  statistics. 

With  the  lengthening  of  the  term  (rf'  study  to  four  years,  which 
has  been  adopted  by  most  medical  colleges,  it  would  seem  that  short 
courses  in  the  elements  of  meteorology,  with  special  attention  to 
sanitary  climatology  and  engineering  could  profitably  be  introduced 
into  the  curriculum  of  every  medical  school.  This  would  at  least 
give  the  practitioner  a  working  knowledge  of  meteorology  in  its  rela- 
tions to  medicine  and  sanitation,  and  render  the  work  along  these 
lines  more  certain  of  appreciation.  Until  this  elementary  work  is 
accomplished,  any  effort  in  the  direction  of  medical  meteorology 
will  be  largely  devoid  of  practical  results.  From  my  observation 
and  experience  I  am  confident  that  meteorology  is  fully  abreast  of 
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medicine  bo  far  ae  each  science  relates  to  the  other,  and  I  am  con- 
strained to  the  opinion  that  under  present  conditions  any  radical 
change  in  the  form  of  the  statistical  information  compiled  by  this 
Bureau  could  not  be  profitably  introduced. 

Professor  Hazen.  I  was  much  interested  in  Mr.  Wilson's  remarks 
as  to  the  proper  form  of  meteorological  statistics  for  the  benefit  of 
physicians.  Whenever  there  has  been  a  medical  congress  in  Wash- 
ington I  hav6  taken  pains  to  ask  just  exactly  what  physicians  want  in 
the  line  of  statistics.  They  are  not  agreed.  Some  want  the  relative 
humidity,  others  the  temperature ;  and  as  near  as  I  can  make  out, 
aside  from  those  referred  to  by  Mr.  Wilson  in  regard  to  the  effect  of 
heat  and  moisture  upon  germs  in  such  a  climate  as  Cuba,  physicians 
are  not  agreed  as  to  what  they  want.  We  may  well  wait  until  they  are 
agreed.  I  think  Dr.  Baker,  of  Lansing,  Mich.,  is  the  only  physician 
who  has  devoted  special  attention  to  this  subject  of  medical  climato- 
logy ;  and  all  his  work,  I  think,  is  in  regard  to  seasonal  effects.  At 
present,  therefore,  the  medical  world  is  certainly  at  a  loss  in  regard 
to  what  it  wishes  from  the  meteorological  standpoint. 

Mr.  Cltne.  There  are  a  great  many  physicians  who  have  never 
studied  meteorological  statistics,  and  many  of  them  know  nothing 
about  handling  meteorological  instruments,  because  when  they 
were  studying  medicine,  meteorology  was  not  taught,  and  in  a  great 
many  schools  it  is  not  taught  to-day.  Before  we  can  get  any  class 
of  men  to  agree  as  to  what  they  want  in  any  line  of  statistics, 
we  must  first  instruct  them  as  to  how  we  get  those  statistics.  Now, 
in  Texas  I  don't  believe  they  teach  meteorology  in  any  practical 
way  in  the  university,  but  in  the  medical  department  they  have  a 
graduate  course  of  lectures  which  is  given  to  the  third  and  fourth 
year  men.  This  course  of  lectures  is  required  of  every  candidate  for 
graduation ;  they  must  pass  an  examination  in  it,  and  it  counts  for 
20  per  cent  in  pathology.  I  think  it  would  be  a  good  idea  to  get  the 
universities  to  add  a  course  of  meteorology,  theoretical  and  practical, 
to  the  curriculum  of  their  medical  schools. 

Professor  Hazen.  Taking  the  question  of  consumption,  for  exam- 
ple, you  will  find  almost  every  physician  says  you  must  have  a  dry 
climate  for  that  disease.  Yet  physicians  say  Madeira  is  one  of  the 
best  places  for  consumptives,  though  Madeira  has  one  of  the  dampest 
climates. 

Professor  Abbe.  This  topic  may  justify  me  in  saying  one  word 
about  the  subjective  temperature.  We  can  individually  make  a  small 
contribution  to  this  subject.  I  think  the  simplest  way  is  this:  When 
you  think  "This  is  a  lovely  day,"  make  a  note  of  it.  It  may  exhila- 
rate you,  or  it  may  quiet  you,  but  anyhow  make  a  note  of  the  fact 
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that  with  this  wind,  this  temperature,  and  with  this  moisture,  you 
feel  first  rate.  Keep  this  little  record  for  a  year,  and  when  you  get 
through  you  will  see  what  a  great  variety  of  atmospheric  conditions 
you  have  experienced  and  yet  felt  magnificently  every  time.  Do  not 
let  this  seem  like  a  reductio  ad  absurdum,  but  send  these  data  to  me 
and  I  will  put  them  in  a  little  chart  that  will  illustrate  the  subject 
very  instructively.  The  horizontal  line  will  be  for  relative  humid- 
ity, the  vertical  line  for  temperature.  The  figures  for  wind  velocity 
will  be  written  at  the  proper  point  to  indicate  that  one  feels  first-rate 
at  that  temperature,  humidity,  and  wind.  Eventually  we  draw  a 
line  of  perfect  comfort ;  and  this  line  differs  wonderfully  through  the 
year,  as  we  adapt  ourselves  to  the  seasons. 


TOPIC  No.  9.— PAPER :    SOME  NOTES  ON  AORIOULTURAL  ME- 

TEOROLOQ-Y,  WITH  SPEOIAL  REFERENCE  TO  THE  RAINFATJ. 

ELEMENT. 

Chaxlbb  E.  LimnT,  Chicago,  III. 

Mr.  LiNNBY.  The  great  fund  of  climatological  information  and  the 
weekly  and  monthly  bulletins  of  the  Weather  Bureau  serve  not  only 
to  show  the  effect  of  untoward  weather  conditions  upon  growing 
crops  and  the  conditions  under  which  they  thrive  or  perish,  but 
also  represent  the  agricultural  possibilities  of  each  State,  and  the 
many  other  problems  of  interest  and  value  connected  with  the 
general  science  of  meteorology  and  climatology  within  the  United 
States.  The  field  covered  is  large  indeed,  and  one  can  not  hope  to 
do  more  in  a  limited  paper  than  to  touch  lightly  upon  a  Ismail  por- 
tion of  it.  I  wish,  however,  to  delve  into  a  few  of  the  more  common 
things  in  agricultural  meteorology,  with  special  reference  to  the  rain- 
fall element. 

The  rainfall  element  may  properly  be  considered  as  first  in  agri- 
cultural meteorology,  since  upon  the  moisture,  next  to  the  tempera- 
ture if  not  in  advance  of  it,  a  country  becomes  fertile  or  barren.  It 
is  true  that  moisture  can  be  artificially  supplied  if  bountiful  Nature 
fail,  but  even  to  attain  this  end  knowledge  should  be  had  of  the  de- 
sired amount  of  moisture  and  the  time  when  it  should  be  supplied, 
not  to  mention  also,  the  soil,  the  crop,  the  season,  and  other  condi- 
tions that  combine  to  make  a  country  either  fertile  and  bountiful  or 
barren  and  sterile. 

It  is  said  (Year  Book,  1894,  p.  156)  that  in  the  humid  portions  of  the 
United  States,  having  a  mean  annual .  rainfall  of  about  40  inches,  60 
per  cent  fiows  off  into  the  streams,  and  is  of  no  direct  benefit  to  agri- 
culture. This  excess  of  rainfall  reaches  the  streams  partly  by  flowing 
over  the  surface  of  the  ground  and  partly  by  slow  percolation  through 
the  soil,  and  thus  only  60  per  cent  of  the  rainfall,  or  20  inches  annu- 
ally, evaporates  directly  from  the  surface  of  the  soil  or  is  transpired 
by  plants.  Therefore,  there  are  about  20  inches  of  rainfall  at  the  dis- 
posal of  the  agriculturist,  and  the  highest  art  of  cultivation  consists 
in  conserving  this  moisture,  reducing  that  lost  by  evaporation  from 
the  surface  of  the  soil  to  a  minimum,  and  maintaining  a. sufficient 
amount  at  all  times  for  the  use  of  crops.    The  figures  given  by  Mr. 
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Frank  Leverett,  in  his  pamphlet  on  the  Water  Resources  of  Illinois, 
(p.  40),  cause  him  to  conclude  that  in  this  State  the  annual  run-off 
is  only  about  21  per  cent  of  the  rainfall.  The  rainfall  being  aboat 
38  inches,  the  estimated  run-off  is  about  8  inches. 

Mr.  F.  H.  Newell,  in  the  Fourteenth  Annual  Report,  United  States 
Geological  Survey  (Part  II,  pp.  96-166),  estimates  that  the  meau 
discharge  of  rivers  of  small  size  in  the  eastern  part  of  the  United 
States  is  about  two  to  three  times  that  of  Mr.  Leverett's  estimate  for 
Illinois.  This  is  due  to  the  fact  that  in  the  eastern  district  the  dis- 
charge is  accelerated  greatly  by  the  steeper  slopes,  and  also  by  the 
greater  annual  rainfall,  which  accounts  for  the  greater  percentage  of 
run-off. 

Mr.  Newell,  in  a  diagram  representing  the  relation  of  the  run-off 
to  rainfall,  has  indicated  that  for  an  open  country,  with  low  slopes, 
where  the  annual  rainfall  is  40  inches,  a  run-off  of  16  inches  may  be 
expected,  while  with  a  rainfall  of  80  inches  a  run-off  of  about  8 
inches  is  likely  to  occur,  and  where  the  rainfall  is  20  inches  only 
about  3  inches  reaches  the  streams,  the  quantity  rapidly  decreasing 
with  less  rainfall. 

It  will  thus  be  seen  that  the  current  variations  in  the  estimates  of 
the  run-off  can  be  nearly  equalized  when  one  takes  into  considera- 
tion the  slopes,  the  soil,  the  annual  rainfall,  etc.,  and  that  finally  if 
the  rainfall  is  about  20  inches  annually,  most  of  it  will  be  needed  to 
produce  a  crop. 

The  rainfall  normals  given  in  the  report  of  the  Chief  of  the 
Weather  Bureau  (1891-92,  p.  444-446)  show  that  for  the  season  from 
March  1  to  October  1  about  16  inches  of  rainfall  may  be  expected  at 
Bismarck,  N.  Dak. ;  16  inches  at  North  Platte,  Nebr. ;  17  inches  at 
Dodge,  Kans. ;  19  inches  at  Port  Huron,  Mich. ;  20  inches  at  Green 
Bay,  Wis. ;  21  inches  at  St.  Paul,  Minn.;  23  inches  at  Chicago,  111., 
and  Pittsburg,  Pa.;  24  inches  at  Columbus,  Ohio,  and  St.  Louis, 
Mo. ;  26  inches  at  Des  Moines,  Iowa,  and  Cairo,  111. ;  27  inches  at 
Indianapolis,  Ind.,  Kansas  City,  Mo.,  and  Fort  Smith,  Ark.;  and  30 
inches  at  Nashville,  Tenn.,  with  slight  increase  toward  the  east  and 
south,  and  marked  decrease  as  we  go  west  and  north. 

While  our  rainfall  records  are  of  great  value,  they  give  little  more 
than  the  past  conditions  and  the  average  conditions.  Even  the 
record  of  daily  rainfall  is  more  or  less  unsatisfactory,  as  it  can  never 
take  into  consideration  the  rate  of  fall  or  the  condition  of  the  soil  at 
the  time,  or  the  locality  of  the  rainfall.  In  regard  to  these  points  it 
is  said  (Year  Br)ok,  1894,  p.  166)  : 

There  is  one  factor  which  has  a  very  important  bearing  upon  the  conditions 
in  the  hamid  as  compared  with  those  in  the  arid  region.  In  the  humid  region 
of  the  Eastern  States  the  soil  is  continuously  moist  from  the  surface  down  to  a 
depth  at  which  it  is  completely  saturated,  and  from  which  water  is  constantly 
flowing  out  into  wells,  streams,  and  rivers.  The  water  descends  throueh  the 
soil  both  by  virtue  of  its  own  weight  and  by  capillary  force.  According  to 
capillary  laws  the  water  is  pulled  downward  when  the  subsoil  contains  less 
water  than  the  soil.  Gravity  and  capillary  force  are  both  more  effective  in 
moving  water  through  a  moist  subsoil  tnan  a  dry  one;  hence  there  is  danger  in 
the  East  of  water  being  pulled  down  below  the  reach  of  plants  in  time  of 
drought,  while  in  the  West,  where  the  subsoil  at  a  depth  of  a  few  feet  is  con- 
tinuously dry,  this  could  not  happen. 

An  inch  of  rainfall  coming  gently  on  a  soil  in  fit  condition  to 
absorb  it  may  prove  of  greater  value  to  a  growing  crop  than  several 
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inches  comiDg  in  a  downpour  on  a  saturated  soil ;  the  one,  in  fact, 
may  be  the  life  of  the  crop,  the  other  its  death  by  drowning,  for 
drowning  is  quite  as  ruinous  to  a  crop  as  drought.  A  crop  season 
may  be  a  highly  successful  one  on  a  minimum  amount  of  rainfall  if 
this  comes  at  the  proper  intervals  and  in  proper  amounts;  it  is 
usually  a  deficient  rainfall  rather  than  excess,  which  is  the  ruination 
of  crops  year  after  year ;  the  deficiency  generally  prevails  over  lim- 
ited areas,  but  often  over  such  a  large  area  of  country  that  the  pros- 
perity of  the  agricultural  community  is  seriously  impaired,  and  many 
an  individual  farmer  is  ruined. 

Practical  farmers  have  repeatedly  said  that  excess  either  of  mois- 
ture or  dryness  is  fatal  to  good  crop  growth,  and  yet  so  general  a 
statement  means  little,  for  this  general  average,  which  is  so  desirable, 
can  only  be  determined  by  the  slow  process  of  daily,  monthly,  and 
yearly  observations  covering  a  considerable  period  of  time,  and  once 
it  has  been  determined  there  is  no  certainty  that  the  farmer  may 
expect  it,  or  that  the  seasons  will  not  run  by  extremes. 

How  indefinite  and  uncertain  this  "  average  "  condition  is  has  been 
in  part  discussed  in  my  first  view  of  what  is  absolutely  necessary  to 
produce  a  crop,  but  it  can  be  more  clearly  shown  by  a  consideration 
of  the  amount  of  moisture  which  will  produce  a  maximum  crop,  or 
impart  to  a  plant  its  most  vigorous  growth  and  sustain  it  through- 
out the  crop  season.  Prof.  F.  H.  King,  Director  of  the  Experiment 
Station  of  the  University  of  Wisconsin,  has  carried  on  an  elaborate 
series  of  irrigation  experiments  to  elucidate  the  question,  "  How  im- 
portant is  soil  moisture,  and  how  much  do  our  soils  require  for  maxi- 
mum productiveness  ?"  In  his  annual  report  for  1896,  p.  189,  he 
gives  the  results  of  his  experiments  for  that  year,  and  compares  and 
contrasts  them  with  those  of  1894  and  1896,  the  two  preceding  years 
of  drought. 

From  his  experiments  it  appears  that  during  the  season  of  1896 
not  only  was  the  rainfall  fair  in  amount,  but  it  was  generally  well 
distributed,  and  that  being  true,  the  irrigation  experiments  afforded 
an  excellent  means  for  determining,  under  field  conditions,  how  much 
moisture  is  really  needed  in  the  soil  to  insure  maximum  yields. 

In  one  table  Professor  King  gives  the  seasonal  rainfall  from  the 
1st  of  May  to  the  81st  of  August  for  the  three  seasons.  This  period 
is  three  months  shorter  than  that  I  have  considered  in  quoting  rain- 
fall heretofore.  But  from  his  table  it  appears  that  not  only  was  the 
total  rainfall  for  1896  much  larger  than  that  of  the  other  two  years, 
but  there  were  only  two  10-day  periods  when  the  precipitation  did 
not  exceed  half  an  inch  and  but  one  where  it  did  not  exceed  0.3  of  an 
inch.  On  the  other  hand,  during  1894  there  were  six  10-day  periods 
and  in  1895  seven  of  less  than  half  an  inch  of  rainfall,  and  four 
periods  in  1894  and  six  in  1895  when  the  rainfall  was  less  than  0.3  of 
an  inch. 

During  these  three  years  corn  was  grown  on  the  same  piece  of 
ground,  and  the  mean  yields  of  dry  matter  per  acre  may  properly  be 
used  as  an  index  of  the  influence  which  the  varying  amounts  and 
distribution  of  rain  had  upon  the  crop  yields.  The  total  rainfall 
and  the  yields  were  as  follows : 

In  }894  a  rainfall  of  9.72  inches  gave  6,674  pounds. 
In  1895  a  rainfall  of  5.82  inches  gave  2,768  pounds. 
In  1896  a  rainfall  of  15.20  inches  gave  7,995  pounds. 


88 

Id  the  Boil  problems  for  1896  clover,  rape,  corn,  potatoes,  cabbage, 
mangel-wurzels,  and  turnips  were  experimented  on,  and  all  except 
the  clover  were  grown  on  soils  in  alternating  strips  of  irrigated  and 
non-irrigated  land.  The  results  with  the  potatoes  show  that,  although 
slightly  more  than  16  inches  of  rain  fell  during  the  crop  season,  still 
five  timely  applications  of  water,  amounting  to  10  inches,  increased 
the  yield  nearly  100  bushels  per  acre.  With  the  corn,  in  all  cases 
where  it  was  possible  to  obtain  checks,  the  irrigated  land  produced 
about  a  ton  per  acre  more  water-free  dry  matter  than  the  land  not 
irrigated;  and  the  same  general  result  was  had  with  the  cabbage. 
The  cost  of  the  irrigation  was  more  than  paid  for  by  the  increased 
crop  yield.  From  which  Professor  King  summarized  the  results  as 
follows : 

The  great  lesson  to  be  learned  from  these  results  is  that  we  must  have  an 
abundance  of  water  in  order  that  our  crops  may  avail  themselves  of  the  plant 
food  stored  in  our  soils;  not  that  water  is  everything,  but  the  fertility  of  the  soil 
counts  for  naught  without  it. 

These  results  of  Professor  King  also  show  that  the  greatest  yields 
were  had  when  the  rainfall  and  irrigation  equaled  about  27  inches, 
although  the  greatest  gain  was  had  when  the  small  rainfall  of  1895 
was  brought  up  to  more  than  81  inches  by  the  addition  of  26  inches 
of  water,  resulting  in  a  gain  of  more  than  200  per  cent  in  crop  yield. 
It  would  thus  appear  that  maximum  yields  are  to  be  secured  with  26 
to  30  inches  of  rainfall  properly  distributed  during  the  crop  season, 
and  that  with  this  amount  of  water,  sunshine  and  temperature  also 
being  favorable,  the  plant  has  as  much  moisture  as  it  requires  to  give 
its  fullest  energy  and  largest  crop  yield,  while  if  more  be  added  pud- 
dling of  the  soil,  baking,  stunted  growth  or  drowning  would  result. 

Where  irrigation  is  not  possible  subsoiling  is  a  very  desirable  fea- 
ture. The  e&ect  of  subsoiling  upon  the  ground  is  to  increase  the 
water  capacity  of  the  soil  stirred ;  decrease  the  capillary  conducting 
capacity  of  the  soil  stirred;  increase  the  percolation,  or  gravity 
capacity  of  the  soil  stirred  for  water;  increase  the  percentage  of 
water  retained  in  the  subsoiled  ground  which  is  available  for  crops ; 
increase  the  chance  for  root  development  of  the  plant  at  a  lower  level 
in  the  subsoiled  land,  by  admitting  air  and  moisture ;  and,  finally,  to 
make  available  a  very  much  larger  field  for  plant  food. 

Careful  observation  and  analysis  of  the  waters  of  the  sea  show  that 
the  plant  food  lost  in  cultivation  of  the  soil  by  leaching  is  exceed- 
ingly small.  The  sea  secures  mostly  those  alkaloids  which  are  not 
needful  to  plant  growth.  The  rock  ingredients  which  are  leached  out 
in  the  largest  amounts  are  those  of  which  the  smallest  quantities 
only  are  required  by  most  plants,  while,  of  those  ingredients  which 
are  specially  needful  to  plant  nutrition,  only  potash  is  removed  in 
apprecMable  amounts  by  the  weathering  of  the  soils  from  excessive 
rainfall.  On  the  other  hand,  insufficient  rainfall  is  almost  always 
shown  by  the  appearance  upon  the  surface  of  the  land  of  an  eflBlores- 
cence  of  alkali  salts,  which  characterizes  the  well  known  alkali  land. 
And  yet  these  arid  or  semiarid  lands  are  largely  composed  of  disinte- 
grated limestone,  or  are  lime  lands,  and  are  wonderfully  rich  and 
fertile,  and  need  only  irrigation  and  the  conserving.of  their  rainfall 
to  make  them  exceptionally  productive. 

These  facts  all  point  to  a  number  of  conclusions:  First,  few  of 
the  central  valleys  north  of  the  Ohio  River  can  regularly  be  depended 
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upon  to  furnish  sufficient  rainfall  during  the  crop  season  to  produce 
maximum  crop  yields ;  they  may,  occasionally,  but  usually  the  rain- 
fall will  be  such  that  the  yield  is  reduced  far  below  the  maximum. 
Second,  irrigation  can  be  profitably  employed  in  all  our  central  val- 
leys, and  especially  over  the  western  plains,  while  in  the  more  moist 
central  valleys  the  largely  increased  yields  will  repay  the  cost  of  irri- 
gation and  give  good  interest  upon  the  investment.  Third,  though 
the  natural  rainfall  is  much  less  than  is  required  to  insure  maximum 
yields,  still  subsoiling  and  careful  cultivation  of  the  land  will  very 
materially  aid  in  conserving  this  moisture  and  thereby  greatly  in- 
crease the  present  crop  yields.  Fourth,  to  again  quote  Professor 
King  : 

The  evidence  stands  out  clear  and  strong  in  favor  of  plenty  of  water  in  our 
soils  all  of  the  time  a  crop  is  making ;  for,  it  will  be  seen,  we  are  comparing  our 
irrijrated  yields  with  good  large  crops  produced  by  the  normal  methods  in 
humid  climates  in  a  season  of  good  rainfall.  And  we  must  have  an  abundance 
of  water  in  order  that  our  crops  may  avail  themselves  of  the  plant  food  stored 
in  our  soils. 


TOPIC  No.  10.— BPPBOT  OP  POREST  OLEARINO  AND  CULTIVA- 
TION UPON,  PmST,  WATER  SUPPLY  AND  SOIL;  SECOND, 
RAINFALL ;  THIRD,  TEMPERATURE. 

W.  M.  Pulton,  Knoxvllle,  Tenn.,  and  Gbo.  N.  Saxisbuby,  Seattle,  Wash. 

Mr.  Fulton.  Popular  views  concerning  the  relation  of  forests  to 
soil  and  climatic  conditions  were  promulgated  with  the  earliest  his- 
tory of  climatology,  but  the  scientific  consideration  of  this  important 
question  scarcely  antedates  the  middle  of  the  present  century.  Realiz- 
ing, as  every  thoughtful  mind  does,  that  it  is  only  through  strictly 
scientific  methods  that  correct  conclusions  can  be  reached,  we  must 
concede  the  fact  that  our  knowledge  of  this  subject  is  still  in  its  in- 
fancy. Like  all  other  newly  evolved  sciences,  the  crop  of  incon- 
trovertible facts  is  still  scant,  and  further  research  will  be  necessary 
in  order  to  solve  the  many  complicated  problems  which  present  them- 
selves. 

Systematic  observation  and  study  along  this  line,  based  upon 
scientific  principles,  have  been  taken  up  by  the  leading  countries  of 
Europe  and  also  in  India,  and  the  results  which  are  being  attained 
would  form  an  interesting  theme  for  discussion.  But  the  limited 
time  at  our  disposal  here  precludes  the  attempt  at  anything  more 
than  a  brief  review  of  the  general  and  well  established  facts  concern- 
ing the  effects  of  forest  clearing  and  cultivation  upon  water  supply 
and  soil  and  upon  rainfall  and  temperature.  Having  thus  merely 
introduced  the  subject  I  will  leave  it  to  my  colleague,  Mr.  Salisbury, 
to  present  to  us  some  of  the  more  interesting  details.  For  the  sake 
of  convenience  we  will  consider  the  subject  before  us  under  three  main 
divisions : 

1st.  The  effect  of  forest  clearing  and  cultivation  upon  water  supply 
and  soil. 

2d.  Upon  rainfall. 

3d.  Upon  temperature. 

Before  entering  upon  a  discussion  of  these  relations,  however,  I 
wish  to  emphasize  two  important  physical  laws  in  which  are  to  be 
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found  the  explanation  for  much  of  what  follows.  These  laws  are : 
first,  any  obstmctions  upon  the  surface  soil,  whether  natural  or  arti- 
ficial, which  prevent  the  rain  water  from  flowing  away  as  it  falls,  will 
increase  filtration  and  underground  drainage,  and  hence  prevent 
washing  of  the  soil.  The  second  law  is:  The  air  being  a  very  poor 
absorber  of  direct  insolation  has  its  temperature  controlled  by  the 
temperature  of  the  surface  upon  which  it  lies. 

With  these  two  important  laws  in  mind,  let  us  turn  our  attention 
to  the  consideration  of  the  first  division  of  our  subject,  viz,  the  efiTect 
of  forest  clearing  and  cultivation  upon  water  supply  and  soil. 

In  order  to  get  a  thoroughly  practical  view  of  this  matter,  for  all 
scientific  discussion  should  be  practical,  let  us  suppose  that  we  have 
here  before  us  one  of  our  American  farms.  In  this  farm  are  2,000 
acres  of  land,  of  which  1,000  are  cleared  and  under  cultivation,  and 
the  other  1,0()0  are  forest  land.  This  farm  lies  in  such  a  way  that  the 
forest  and  field  each  forms  a  separate  watershed  to  itself.  Now,  sup- 
pose that  within  a  certain  period  of  time,  say  twenty-four  hours,  one 
inch  of  rain  falls  uniformly  over  this  farm,  on  forest  and  field  alike. 
What  will  be  the  effects  produced  upon  the  forest  as  compared  to 
those  produced  upon  the  field  ? 

A  portion  of  the  rain  drops  which  fall  upon  the  forest  will  be  in- 
tercepted by  the  foliage  of  the  trees  and  the  water  thus  collected  will 
run  down  the  twigs  to  the  branches  and  thence  down  the  trunk  of 
the  tree  to  the  ground.  The  drops  which  penetrate  through  the 
foliage  will  strike  the  dead  leaves  and  fallen  branches  upon  the  forest 
floor  and  their  force  will  thus  be  broken  without  packing  the  soil. 
The  surface  soil  of  the  forest  having  been  rendered  mellow  by  the 
roots  of  the  trees  which  penetrate  it  here  and  there  is  also  covered 
with  a  thick  humus  of  decaying  vegetable  matter  which  holds  the 
water  on  the  surface,  thereby  insuring  filtration  and  underground 
drainage,  while  the  shade  of  the  forest  retards  evaporation.  The  rain, 
therefore,  which  falls  upon  the  forest  will  be  fed  to  the  nearest  water 
course  by  the  slow  process  of  underground  drainage,  and  the  water 
course  which  thus  receives  its  supply  from  the  forest  will  maintain 
a  comparatively  even  flow,  and  will  not  be  subject  to  sudden  and 
violent  overflows,  except  in  extreme  cases. 

In  the  case  of  the  open  field,  the  first  rain  drops  which  fall  will 
pack  the  soil,  thereby  retarding  percolation  and  filtration,  and  the 
excess  of  water  thus  collected  will  rush  down  the  slopes,  carrying 
more  or  less  of  the  soil  with  it.  Upon  reaching  the  water  course  it 
will  soon  fill  it  to  overflowing.  The  soil,  too,  which  has  been  carried 
down  by  the  water  will  sink  to  the  bottom  and  thus  aid  in  filling  the 
stream.  Soon  after  the  rain  has  ceased  to  fall  the  water  supply  will 
become  exhausted  and  the  flow  of  the  water  course  will  be  reduced  to 
the  opposite  extreme. 

Hence,  it  is  plainly  evident  that  the  tendency  of  forest  clearing 
and  cultivation  is  to  produce  extreme  fluctuations  of  water  supply 
and  to  exhaust  the  soil  by  washing.  Practical  illustrations  of  this 
are  to  be  found  almost  everywhere.  Along  the  banks  of  the  Ohio 
River  and  in  many  portions  of  the  South  hundreds  of  fields  which 
were  once  covered  with  sturdy  forests,  and  which  under  cultivation 
after  being  cleared,  bore  abundant  harvests  may  now  be  seen  furrowed 
with  gullies  as  with  the  wrinkles  of  age,  and  abandoned  to  brush  and 
briars.    In  France,  the  government  and  farmers  together  have,  of 
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.  late  years,  spent  over  $40,000,000  on  reforestation  and  other  methods 
for  reclaiming  washed  soils.  Some  writers  have  supposed,  and  cor- 
rectly too  no  doubt,  that  if  the  entire  watershed  of  our  great  central 
valleys  was  cleared  of  its  forests  and  placed  under  cultivation,  the 
farmers  along  the  lower  Ohio,  Mississippi,  and  Arkansas  rivers  would 
be  visited  by  overflows  of  almost  incalculable  violence,  and  these 
would  be  followed  in  turn  by  unprecedented  drought. 

The  next  division  of  our  subject,  the  effect  of  forest  clearing  and 
cultivation  upon  rainfall,  is  a  matter  to  which  we  can  only  give  a 
passing  glance.  Some  writers  hold  that  the  forest  has  an  attraction 
for  the  rainfall,  and  hence  more  rain  will  fall  in  the  vicinity  of  for- 
ests than  in  extended  open  field.  While  certain  observations  seem  to 
indicate  that  this  is  true,  it  still  remains  a  question  of  serious  doubt ; 
even  should  it  be  found  that  rain  falls  more  frequently  and  in  greater 
quantities  over  forests  than  in  the  field,  it  seems  highly  probable  that 
the  difference  is  so  small  in  amount  that  its  effects  are  inappreciable. 

Lastly,  as  to  the  effect  upon  temperature.  The  crown  tops  of  the 
trees  act  in  a  manner  very  similar  to  that  of  any  elevated  surface. 
The  absorption  of  direct  insolation  by  the  forest  soil  is  largely  re- 
stricted during  the  day,  and  radiation  is  similarly  restricted  during 
the  night.  The  stratum  of  air  between  the  forest  floor  and  the  crown 
tops  is  thus  maintained  at  a  more  even  temperature  than  that  of  the 
air  in  the  open  field.  In  this  respect  the  effect  of  a  forest  upon  an 
adjoining  field  strongly  resembles  that  which  would  be  produced  by 
a  neighboring  body  of  water,  except,  of  course,  it  is  not  so  marked. 
This  moderating  effect  is  generally  greater  in  summer  than  in  winter, 
and  is  largely  dependent  upon  the  character  of  the  forest  and  of  the 
soil  upon  which  it  stands.  The  effect  of  the  crown  tops  upon  tem- 
perature does  not  appreciably  depend  upon  the  elevation  above  sea 
level.  Much  might  be  said  here  concerning  soil  temperatures  and 
temperatures  in  or  above  the  crown  tops,  and  many  other  interesting 
details  might  be  discussed,  but  limited  time  forbids  further  remark 
on  this  subject  and  I  must  hasten  to  a  close. 

Attention  has  already  been  called  to  the  urgent  need  for  more  ex- 
tended observation  along  these  important  lines.  Nowhere,  perhaps, 
among  the  more  enlightened  nations  of  the  earth  is  this  need  more 
keenly  felt  than  in  our  own  country.  The  climatologists  of  France, 
of  Germany,  of  Austria,  and  of  India,  may  establish  general  facts, 
but  they  can  not  tell  our  legislators  when  and  where  to  check  the 
inroads  of  America's  mighty  and  progressive  civilization  upon  her 
primeval  forests,  nor  can  they  tell  the  American  farmer  just  how  and 
where  he  shall  clear  his  land  for  cultivation.  These  are  questions 
which  depend  almost  entirely  upon  local  peculiarities,  both  of  soil 
and  climate,  and  the  problem  must  be  solved  for  each  locality  to 
itself.  I  believe  I  stand  to-day  before  the  ablest  body  of  climatol- 
ogists ever  assembled  in  this  country,  and  it  is  to  you,  gentlemen, 
that  your  fellow  countrymen  are  now  looking  for  the  solution  of  these 
vexed  problems.  We  are  to  account  to  coming  generations  for  the 
progress  made  in  this  age  along  this  line.  Let  us  then,  each  and  all, 
be  up  and  doing. 

Mr.  Salisbury.  The  effect  of  forest  clearing  and  cultivation  on 
climate  is  a  question  which  has  occupied  not  only  students  of 
meteorology,  general  scientists,  and  experts  on  forestry,  but  many 
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other  thoughtful  persons  who  have  paid  no  special  attention  to 
meteorological  problems.  No  satisfactory  conclusion  has  ever  been 
reached.  Much  of  the  subject  is  still  debatable  ground,  and  it  will 
not  be  expected  that  I  shall  announce  any  new  discoveries,  or  throw 
any  light  on  the  subject  here.  My  purpose  is  simply  to  bring  the 
matter  to  general  attention,  as  one  of  absorbing  interest  if  investiga- 
tions are  pursued,  and  one  worthy  of  the  profoundest  thought. 

The  "  forest  primeval "  encountered  by  the  sturdy  pioneers  of  this 
country  is  no  longer  of  unbroken  extent.  It  is  rather  a  thing  ^'of 
shreds  and  patches,"  admitting  that  some  of  the  "  patches  "  are  good- 
sized  ones.  The  settler's  axe,  in  part,  but  more  largely  forest  fires 
and  the  swiftly  moving  saws  of  the  lumbermen,  have  cleared  enor- 
mous tracts  where  lordly  branches  once  waved,  or  the  winds  sighed 
and  moaned  through  the  pines.  Sharp,  glistening  plowshares  have 
coursed  through  the  soil,  turning  the  moist  earth  to  the  sky  and  sun ; 
ditches  have  been  dug,  swamps  and  even  lakes  have  been  drained, 
fields  of  corn  and  wheat  have  been  sown  year  after  year,  and  the 
whole  broad  face  of  Nature  changed.  Most  of  this  has  been  done 
within  this  century,  much  of  it  in  the  last  quarter.  Have  not 
such  sweeping  changes  had  a  marked  effect  on  the  climate,  caus- 
ing great  changes  in  the  nature  of  the  soil,  the  rainfall,  and  the 
temperature  ?  Some  argue,  with  great  show  of  facts  and  figures,  that 
it  has ;  others,  with  equal  force  and  greater  positiveness,  that  it  has 
not.  And  either  side  may  be  right,  for  the  question  is  debatable.  I 
maintain  that  the  time  has  been  too  short,  observations  too  few  and 
limited,  and  investigation  too  biased  for  the  problem  to  be  deter- 
mined one  way  or  the  other. 

Not  many  years  ago,  as  history  is  recorded,  but  a  short  lifetime,  as 
men  view  time,  there  was  an  immense  unbroken  forest  in  Wisconsin 
and  Minnesota.  Through  the  denser  parts  of  these  forests  were 
many  considerable  watercourses  and  large  lakes.  South  and  west  of 
the  great  pine  forest,  in  a  belt  of  deciduous  trees,  were  scattered 
thousands  of  small  lakes,  and,  on  the  prairies  beyond,  many  more 
lakes  and  innumerable  marshes  or  swales.  Forty  years  have  passed 
and  what  is  the  present  condition  ?  Fertile  but  sometimes  drought- 
stricken  fields  occupy  the  southern  part  and  beautiful  farms  cover 
the  belt  of  oak  openings.  But  the  swales  are  gone,  and  many  of  the 
lakes  have  totally  disappeared.  Others  have  dwindled  until  two- 
thirds,  one-half,  or  less  than  a  third  of  the  original  area  remains. 
The  streams  have  become  so  diminished  in  volume  that  with  great 
difficulty  the  log  drivers  float  their  smaller  logs  of  culled-out 
timber  to  the  Mississippi,  where  formerly  immense  drives  of  the 
largest  timber  were  made  with  ease.  Every  summer,  reports  of  great 
and  unprecedented  heat  and  long  periods  of  drought  fill  the  news- 
papers. Has  there  really  been  a  change  in  these  conditions  ?  And, 
if  so,  was  it  not  the  forest  clearing  and  cultivation  that  did  it  ? 

The  old  settlers  will  instance  the  above  changes  to  you,  and  scarce 
one  of  them  but  believes  the  clearing  and  settling  up  of  the  country 
has  accomplished  them.  The  writer  was  bom  in  Minnesota  and  lived 
there  from  infancy  to  early  manhood.  He  has  the  evidence  of  his 
eyes  for  proof  of  the  diminished  streams  and  lakes.  He  believes»too, 
that  the  rainfall  has  lessened,  but  does  not  know,  for  there  were  no 
^ain  measurements  in  the  forest  regions  in  those  early  days;  but  the 

infalls  seemed  much  heavier  in  his  early  boyhood  than  twenty 
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years  later,  when  he  measured  them  at  the  station  in  St.  Paul.  How- 
ever, personal  impressions  are  not  a  safe  guide  in  such  matters. 
Reports  were  often  rife  of  temperatures  in  the  nineties  during  the 
early  days,  but  there  were  then  few  standard  thermometers  and  fewer 
proper  exposures.  So  there  is  no  evidence  that  the  summer  tempera- 
ture has  not  increased  and  none  that  the  summer  rainfall  has  not 
decreased.  In  the  early  records  of  the  frontier  forts  and  the  French 
trading  posts  I  have  not  a  great  deal  of  confidence. 

In  the  far  Northwest,  from  the  western  slopes  of  the  Cascades  to 
the  seacoast,  fed  by  moisture-laden  air  from  the  ocean  and  the  heavy 
rains  precipitated  on  these  slopes,  there  sprung  up  long  ago  the 
mighty,  almost  unending  forests  of  gigantic  trees.  These  great  coni- 
fers, that  have  given  to  one  of  our  Union  the  title  "  Evergreen  State," 
were  twenty-five  years  ago  scarcely  touched  by  the  hand  of  man.  In 
a  few  short  years  the  ravages  of  the  axe,  the  gang  saw,  and,  greater 
still,  forest  fires,  have  been  so  vast  and  alarming  that  the  National 
Forestry  Association  felt  impelled  to  secure  an  executive  order  setting 
aside  great  areas,  large  enough  to  form  small  States,  as  permanent 
forest  reserves.  Their  fear  and  argument  was  not  solely  the  commer- 
cial effect  of  the  loss  of  the  timber  as  a  source  of  wealth,  but  also  a 
disastrous  effect  on  the  mountain  streams,  lakes,  and  the  soil  of  the 
country;  perhaps,  also,  on  the  climate. 

Even  those  who  deny  any  appreciable  meteorological  effect  admit 
disastrous  effects  on  the  soil  from  wholesale  forest  clearing.  The 
presence  of  forests  retards  the  melting  of  winter  snow,  which  other- 
wise melts  suddenly,  allowing  the  water  to  rush  in  great  volumes 
down  the  slopes,  resulting  in  damaging  freshets.  The  roots  of  the 
trees  hold  the  soil  together,  which  otherwise  would  be  moved  by  the 
rush  of  torrents  of  water,  and  rubbish,  sand,  gravel,  and  boulders 
washed  down  and  deposited  over  fertile  bottoms,  destroying  the  value 
of  .the  latter.  In  dry  spells  the  springs  and  small  streams  dry  up  and 
disappear  because  the  unsheltered  soil  is  exposed  to  evaporation; 
much  more  so  if  the  process  of  cultivation  has  upturned  the  bare 
earth  where  there  would  else  have  been  a  covering  of  grass  or  under- 
growth. 

Some  admit  even  more,  by  allowing  that  evaporation,  being  retarded, 
and  moisture  held  in  suspension  over  the  forests,  more  constant,  mod- 
erate, and  uniform  rains  occur,  while  extensive  clearing  makes  the 
rainfall  more  intermittent  and  torrential.  Long  periods  of  drought 
occur,  broken  by  excessive  rains  of  very  short  duration.  The  climate, 
in  short,  begins  to  resemble  that  of  the  great  treeless  plains  in  the 
nature  of  its  precipitation. 

Some  of  the  most  noted  meteorologists  have  maintained  that  a  per- 
manent decrease  of  average  yearly  precipitation  or  permanent  increase 
of  mean  temperature  is  impossible  as  a  result  of  forest  clearings ;  they 
hold  that  the  causes  that  contribute  to  rainfall  over  a  large  tract  of 
country  are  of  too  widespread  and  general  a  nature  to  be  permanently 
affected  by  such  minor  changes  in  the  face  of  Nature  as  the  removal 
of  a  forest  growth  or  the  cultivation  of  the  soil.  This  is  simply  say- 
ing that  general  rainfall  over  a  given  area  is  the  result  of  a  moisture- 
laden  wind  from  the  ocean  or  large  seas  moving  over  or  contiguous 
to  that  area,  and  that  such  a  disturbance  covers  thousands  of  square 
miles  in  area  and  reaches  high  into  the  atmosphere ;  it  has  crossed 
mountain  ranges,  perhaps,  without  breaking  up,  and  is  not  to  be 
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swerved  from  its  course  by  the  presence  or  absence  of  forests.  Very 
true ;  and  none  of  as  who  have  followed  the  daily  maps  would  ven- 
ture to  differ  from  the  leaders  of  meteorology  on  that  score.  Bat 
what  humble  observer  with  experience,  much  more  the  baffled  fore- 
caster, has  not  learned  that  even  in  great  cyclonic  movements  rain- 
fall is  the  moBt  local  of  all  things  meteorological  ?  What  local 
forecaster  has  not  predicted  rain  for  his  station  on  account  of  a  gen^ 
eral  low-area  storm,  and  yet  "missed  it,"  although  he  subsequently 
learned  that  copious  rain  had  fallen  not  three  miles  away  ?  So  I 
believe  it  possible  that  the  distribution  of  rain — monthly,  seasonally, 
perhaps  even  annually — can,  by  forest  clearing  and  cultivation,  be 
changed  over  small  areas,  yes,  even  over  whole  States,  though  not 
whole  countries  like  our  Union  of  States.  Nor  is  the  latter  necessary 
to  my  argument.  Rain  being  of  so  local  a  character  in  the  general 
cyclone,  forests  might  well  be  a  cause  for  condensing  over  their  area 
or  in  their  neighborhood  continuous  though  gentle  rains  from  even 
the  feebler  low  areas,  while  the  treeless  tracts  would  receive  only 
occasional,  though  perhaps  excessive,  rains  from  only  those  of  decided 
energy. 

Prof.  William  Davis  says: 

Popular  opinion  is  disnosed  to  believe  in  an  increase  in^  the  rainfall  of  our 
semiarid  western  plains  oy  means  of  tree  planting  and  agricnltare,  but  no  evi- 
dence in  the  form  of  actual  records  has  been  adduced  to  prove  this  very  hazardous 
conclusion. 

During  his  residence  of  some  years  in  Utah,  the  writer  became 
aware  of  a  general  belief  that  the  settlement  of  Salt  Lake  Valley, 
and  the  general  cultivation  by  irrigation  and  the  planting  of  a  great 
number  of  trees  had  had  a  noticeable  influence  in  increasing  the  rain- 
fall and  water  supply,  so  that  if  it  went  on  there  would  finally  be 
little  need  of  irrigation.  He  was  unable  to  verify  this  from  records, 
but,  as  I  have  before  indicated,  the  records  previous  to  the  establish- 
ment of  the  signal  station  there  were  very  broken  and  uncertain,  and 
would  prove  or  disprove  nothing.  The  testimony  of  the  inhabitants 
was  positive  that  several  mountain  streams,  which  formerly  had  gone 
dry  in  summer,  were  now  permanent. 

In  the  Evergreen  State,  where  I  have  had  the  good  fortune  for  some 
years  to  reside,  and  in  the  adjoining  State  of  Oregon,  there  are,  as  you 
well  know,  two  divisions  of  each  State,  more  different  in  their 
climates  than  any  two  adjoining  States  you  can  name.  The  eastern 
sections  of  the  States  referred  to  are  dry  in  climate,  while  the  western 
sections  are  moist  to  wet.  Warm,  moisture-laden  storm  movements 
from  the  ocean,  striking  first  the  coast  ranges,  lose  by  condensation 
from  adiabatic  cooling  in  the  ascent  a  large  amount  of  moisture 
which  falls  as  excessive  rain  during  six  to  nine  months  of  the  year. 
Still  eastward  rain  falls  as  it  ordinarily  forms  by  adiabatic  cooling 
over  the  intervening  country  to  the  Cascades.  There,  in  passing  the 
mountain  barrier,  the  greater  part  of  the  remaining  moisture  is  pre* 
cipitated  by  the  same  process  of  adiabatic  cooling,  so  that  but  little 
moisture  remains  for  the  great  plains  of  the  Yakima  and  Columbia 
rivers,  while  the  southwest  to  northwest  winds,  warmed  by  the  double 
effect  of  liberated  latent  heat,  and  dynamic  heating  in  descending 
the  eastern  slopes,  become  the  chinooks  of  that  section,  like  in  char- 
acter to  the  foehns  of  the  Alps.     And  here  let  me  digress  merely  to 


95 

repeat  of  those  chinooks  what  Professor  Waldo  has  so  well  said  of 
the  foehns: 

The  degree  of  intensity  in  the  foehn  (chinook)  depends  on  the  amount  of 
water  lost  hv  condensation  high  np  in  the  mountains,  and  on  the  distance  of  the 
descent  of  tne  air.  If  no  water  were  lost  out  of  the  air  there  would  be  no  foehn 
(chinook). 

Over  the  immense  region  west  of  the  Cascades,  then,  the  rainfall  is 
heavy,  and  though  it  is  doubtless  true  that  such  an  immense  forest 
area  naturally  grows  up  where  the  climate  is  moist  and  rainy,  it  is 
perhaps  also  true  that  the  great  somber  forests  have  a  reciprocal  effect 
in  making  the  regions  more  rainy.  This  is  speculation  to  be  sure, 
but  it  seems  as  though  the  great  low-area  storms  have  a  peculiar  ten- 
dency to  linger  over  the  forest  region  and  western  slopes  of  the  Cas- 
cades, retarded  often  for  days  at  a  time  with  no  apparent  cause. 
Then,  as  with  a  bound,  they  pass  the  summits,  and  the  low  areas 
move  rapidly  to  the  east-northeast.  In  fancy,  then,  I  see  as  a  result 
of  the  disappearance  of  the  great  forests  of  Washington  (as  disap- 
pear they  surely  will  at  the  present  rate  in  three  or  four  generations) 
a  great  change  in  the  two  contrasting  climates.  The  storms  will  pass 
more  rapidly  across  the  western  part  of  the  State,  precipitating  less 
of  their  moisture,  and  appear  east  of  the  mountains  with  a  greater 
amount,  which  will  then  fall  over  eastern  Washington.  Thus,  the 
result  will  be  beneficial,  climatically  speaking,  and  twofold  ;  the  west- 
ern section  now  too  moist  will  become  less  moist,  the  eastern  section 
now  too  dry  will  become  less  dry,  making  fertile  the  arid  lands  along 
the  Columbia.  A  consummation  devoutly  to  be  wished,  you  say,  but 
too  fanciful.  Perhaps  not.  It  is  indirectly  proven  even  now.  For 
the  past  two  or  three  years  there  have  been  unusually  heavy  summer 
rains  in  eastern  Washington,  contributing  to  unprecedented  wheat 
crops.  In  June  of  1897  the  rainfall  was  singularly  heavier  east  of 
the  mountains  than  west  of  them.  So  also  at  times  during  the  past 
summer.  Why?  Under  what  conditions  did  this  anomaly  take 
place  ?  It  occurred  wherever  the  low  area  reached  eastern  Washing- 
ton without  being  robbed  of  its  moisture  by  passing  over  the  western 
section.  This  happened  when  the  area  moved  up  from  southwest  Ore- 
gon, or  rapidly  up  the  Columbia  Valley,  or  even  when  the  storm 
passed  without  lingering  across  the  Cascades.  In  such  cases  the  east 
side  always  received  its  maximum  rain.  So  I  believe  if  we  grant  that 
forests  have  an  influence  in  retarding  storms,  their  clearing  will  re- 
sult in  changing  the  climate  as  stated.  Some  years  ago  a  Nevada  cor- 
respondent of  the  Salt  Lake  Tribune  made  this  claim  for  Nevada, 
namely,  that  the  clearing  and  burning  of  forests  on  the  Sierra  Ne- 
vada had  increased  the  precipitation  in  Nevada. 

Returning  from  the  field  of  fancy  to  that  of  facts,  and  to  the  dim- 
inished streams,  swamps,  and  lakes  of  Minnesota,  it  is  not  necessary 
to  suppose  a  diminished  rainfall  to  account  for  what  we  have  noticed 
there.  Forest  clearing  allows  the  snows  to  melt  rapidly  in  the  spring, 
the  streams  to  rush  away  in  sudden  freshets,  instead  of  a  gradual  flow 
through  the  summer.  Cultivation  of  the  soil  upturns  to  the  sun  an 
immense  expanse  of  earth  from  which  the  moisture  evaporates,  instead 
of  having  remained  in  the  soil  as  it  otherwise  would.  Many  of  the 
lakes,  sloughs,  and  swamps  of  Minnesota  have  been  drained  for  culti- 
vation, and  the  writer  well  remembers  seeing  miles  of  ditches  exca- 
vated during  his  boyhood.     As  Prof.  Cleveland  Abbe  has  aptly  said : 
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Every  acre  of  virgin  soil  that  is  plowed  up  and  cultivated  begins  to  evaporate 
into  the  air  the  moisture  that  it  formerly  conserved.  Similarly  every  new 
drain  that  is  dug  helps  the  water  that  formerlv  staid  in  the  soil  to  flow  off  into 
the  rivers.  The  progress  of  agriculture  begins  by  an  effort  to  drain  the  rich  lo^vr- 
lands  that  are  usuallv  too  wet,  and  ends  by  the  necessity  of  artificially  watering 
both  the  dry  uplands  and  the  warm  lowlands.  In  other  words  wf»  b^gin  by 
evaporating  and  draining  off  the  water  that  we  eventually  wish  we  could  get 
back  again. 

Professor  Abbe.  I  think  the  quotation  from  Abbe  is  all  right,  bat 
Abbe  had  in  mind  New  England  and  European  conditions.  What 
he  said  is  true  for  a  large  part  of  the  world,  but  not  universally. 

Mr.  Hammon.  Two  or  three  years  ago  I  read  in  Science  a  paper 
which  is  so  absolutely  contrary  to  anything  I  had  ever  read  on  the 
subject  that  I  think  it  is  worth  discussing  here.  It  was  by  a  man 
from  Nevada,  and  he  declared  that  there  was  excellent  evidence  that 
the  denuding  of  the  forests  of  the  Sierra  has  actually  increased  the 
water  supply  during  the  summer;  he  did  give  very  good  reasons  for 
his  belief  and  cited  facts  to  show  that  the  streams  held  their  water  in 
summer  much  better  since  the  timber  was  cut  off.  The  forests  are  of 
pine,  and  he  claimed  that  the  snow  melts  faster  when  the  trees  are 
standing  than  if  they  were  not  there.  When  the  forests  have  been 
cut  off  all  the  snow  blows  into  the  cafions,  hundreds  of  feet  deep, 
stays  there  all  summer,  and  keeps  up  the  water  supply.  When  the 
trees  stood,  it  formed  a  blanket  over  the  ground  and  melted  much 
more  quickly.  Of  course  this  is  a  local  condition,  but  it  is  the 
region  whence  we  get  our  water,  and  if  the  cutting  off  of  the  trees 
is  going  to  increase  our  water  supply  in  California,  we  shall  be  very 
glad  to  have  them  cut  off  rather  than  preserved. 

Mr.  Sage.  I  have  made  the  conservation  of  moisture  in  the  soil  a 
special  study  for  twenty-five  years  in  Iowa.  I  believe  the  effect  of 
deforesting  any  area  depends  upon  the  geological  formation  and  the 
character  of  the  country.  If  it  is  a  hard,  rocky  country,  like  some 
portions  of  the  east,  with  an  excess  of  rainfall,  then  to  cut  off  the 
forests  allows  the  soil  to  be  washed  away,  whereas  in  our  region 
the  cutting  off  of  the  original  forests  has  no  appreciable  effect  what- 
ever upon  the  surface  moisture,  in  my  opinion.  I  believe  the  sub- 
soiling  of  our  prairies,  where  we  have  humus  4  feet  deep,  prepares 
the  soil  to  receive  and  retain  moisture  better  than  the  eastern  forest, 
with  its  hard  subsoil.  In  other  words,  we  can  store  away  within  our 
prairies,  if  they  are  properly  cultivated,  subsoiled,  and  drained,  more 
moisture,  and  keep  it  through  the  season  for  the  benefit  of  plants, 
than  they  can  in  any  forest  region  in  the  east  or  north.  I  believe 
our  subsoiling  and  our  method  of  cultivating  prairies  is  more  than 
equivalent  to  covering  with  forests  any  area  of  the  same  extent;  that 
is,  with  our  deep  soil.    In  the  east  I  would  advocate  reforesting  large 
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portions  that  have  been  deforested.  But  here  trees  act  as  robbers  of 
the  soil  as  well  as  conservators  of  moisture.  Trees  are  detrimental 
in  prairie  farming  sometimes.  You  can  not  get  a  row  of  good  corn 
for  two  rods  alongside  a  row  of  trees.  So  this  question  has  a  good 
many  sides  to  it,  and  it  depends  altogether  upon  the  locality  and  the 
nature  of  the  soil  whether  forestry  is  important  or  not  from  a  prac- 
tical agricultural  standpoint. 

Professor  Hazen.  This  subject  is  of  the  utmost  importance,  and 
you  gentlemen  from  all  parts  of  the  country  ought  to  have  some 
pretty  clear  ideas  as  to  the  effects  of  forests  upon  rainfall.  While  I 
do  not  believe  that  the  presence  of  forests  increases  rainfall,  yet  I 
believe  most  emphatically  that  it  conserves  rainfall.  Then  if  you 
have  forests  there  will  be  springs.  In  New  England  the  springs 
are  drying  up  because  the  forests  have  been  cut  away.  So,  we  have 
positive  information  there  from  the  drying  up  of  the  springs  of  the 
effect  of  cutting  away  the  forests.  While  I  agree  with  Mr.  Sage 
that  the  cultivation  of  the  soil  will  prevent  a  good  deal  of  moisture 
from  going  to  the  streams,  it  seems  to  me  that  at  the  same  time  this 
very  cultivation  will  allow  a  greater  evaporation,  so  that  you  lose 
moisture  in  that  way.  The  very  article  in  Science  that  Mr.  Hammon 
referred  to  was  answered  by  two  or  three  individuals  who  showed 
that  the  effect  of  piling  the  snow  into  those  cafions  was  simply  to 
increase  the  flow  of  the  stream  out  of  the  gully,  but  the  larger  area 
was  drier  than  before.  I  say  emphatically  that  the  cutting-off  of 
the  forests  would  give  us  a  dry  land. 

Mr.  J.Warren  Smith.  I  have  in  mind  a  spot  on  a  mountain  side  in 
New  Hampshire  where  there  is  a  clearing  surrounded  by  woods  above 
and  below.  In  the  wood  above  the  clearing,  water  stands  in  the  streams 
all  the  year  round ;  in  the  clearing  it  is  all  dried  up ;  and  below  the 
clearing  there  is  water  also.  I  think  the  Weather  Bureau  should  take 
up  this  question  in  a  practical  manner.  Regular  observation  stations 
should  be  .established  and  carried  on  long  enough  to  determine  this 
point.  There  is  a  difference  of  opinion  on  it.  Stations  of  observa- 
tion should  be  established  upon  streams  flowing  from  heavily  wooded 
sections  and  from  districts  where  the  old  growth  forests  have  been 
cut  off.  A  record  should  be  made  of  the  precipitation,  the  flow  of 
streams,  the  depth  of  water  content  of  the  snow  on  the  ground,  the 
condition  of  the  soil  under  the  snow,  and  the  exact  conditions  pre- 
ceding and  following  a  flood.  Record,  and  that  alone,  will  deter- 
mine the  facts  in  the  matter.  The  editor  of  the  American  Cultiva- 
tor has  contended  that  heavy  forest  growth  consumes  more  water 
than  it  conserves,  and  that  when  the  ground  is  frozen  a  thaw  with 
a  warm  rain  must  precipitate  a  flood.  Yet  it  seems  very  unlikely 
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that  the  ground  would  be  frozen  enough  under  a  heavy  forest  growth 
to  prevent  water  from  melting  snow  to  percolate  freely  into  it  in  an 
innumerable  number  of  places,  and  we  are  all  sure  that  snow  remains 
to  an  appreciable  depth  in  the  woods,  when  the  ground  is  practicallv 
bare  in  the  open  and  the  underbrush. 

The  treasurer  of  the  Amoskeag  Manufacturing  Company,  of  Man- 
chester, N.  H.,  said,  in  part  in  an  annual  report,  a  few  years  ago: 

On  April  15, 1895,  there  occurred  the  highest  freshet  until  then  known  in  the 
Merrimac  River.  •  •  •  We  worked  all  that  summer  to  repair  the  dam»  etc 
Had  it  not  been  for  these  repairs  the  dam  and  the  gatehouse  would  probably 
have  been  carried  away  in  the  freshet  of  March  2, 1896,  and  all  the  mills  in 
Manchester  stopped  for  an  indefinite  period.  As  it  was,  the  water  rose  one  and 
one-half  feet  higher  than  the  previous  spring,  carried  away  our  bridges  as  well 
as  the  city  bridge,  compelled  us  fo  stop  work  and  left  6,000  operatives  witboat 
employment.  W  hen  ^ou  consider  that  the  Merrimac  has  for  the  past  few  sum- 
mers been  lower  than  in  previous  years,  it  is  evident  that  some  cause  is  at  work 
turning  the  stream  into  a  torrent,  with  long  droughts  and  fearful  discharges  of 
water.  There  is  but  one  explanation  in  my  Judgment,  of  this  phenomenon, 
namely,  the  cutting  down  of  forests  around  the  headwaters  of  the  Merrimac, 
the  Pemigew asset  and  other  affluents.  •  *  •  I  appeal  to  you,  gentlemen, 
for  the  interest  of  New  Ham^whire,  which  depends  so  much  upon  the  success 
of  the  manufacturing  corporations  situated  upon  the  Merrimac  and  the  other 
streams  of  the  State,  to  exert  your  utmost  influence  to  induce  the  next  le^sla- 
tnre  to  protect  the  forests  remaining.  The  damage  done  is  already  most  aenoos, 
and  if  this  state  of  things  continues,  manufacturing  by  the  water  power  of  the 
Merrimac  will  become,  in  my  judgment,  impossible  in  I^ew  Hampshire.    *   *   ' 
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Mr.  Sage.  Not  only  does  deep  cultivation  allow  the  soil  to  take  up 
moisture,  but  the  stirring  of  the  surface  keeps  it  there.  In  other 
words,  you  put  a  cap  over  it  when  you  have  it  there.  That  is  where 
cultivation  comes  in  to  conserve  moisture. 

Mr.  Mitchell.  This  is  such  an  interesting  question,  and  there  are 
so  many  varied  sides  to  it,  that  I  would  like  to  cite  the  experience 
of  one  of  our  voluntary  observers  in  Florida.  He  has  lived  in  Florida 
forty  years,  and  came  to  my  office  purposely  to  ask  a  question  rela- 
tive to  the  conditions  we  are  discussing.  He  said  that  for  twenty- 
five  years,  to  his  certain  knowledge,  there  had  been  small  lakes  in 
that  country,  which  is  flat,  over  which  he  had  to  travel  with  his  cart, 
but  within  the  last  five  years  this  water  had  disappeared  entirely 
and  there  was  now  none  to  be  found.  These  pools  had  dried  up  and 
yet  the  annual  rainfall  did  not  show  any  deficiency. 

Mr.  Bailey.  In  Fort  Smith,  since  I  have  been  there,  I  have  talked 
with  some  who  are  interested  in  the  river  reports,  and  they  state  that 
they  used  to  have  a  regular  general  rise  but  do  not  have  it  now.  The 
engineer  of  the  Government  at  Fort  Smith  said  they  never  have  had 
a  regular  general  rise  in  the  Arkansas  River.  I  have  never  had  a 
^Uopce  to  examine  the  statistics  to  see  which  is  right. 

Iammon.  Regarding  irrigation  in  our  State  and  its  effect:  In 
al  season  Tulare  Lake  does  not  cover  one-third  of  the  area  it 
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did  twenty  years  ago,  because  of  the  draining  away  of  the  water  for 
irrigation  purposes.  This  year  there  is  no  lake  at  all.  When  they 
first  began  to  use  the  water  for  irrigating  purposes,  the  people  down 
stream  protested.  It  became  a  great  subject  for  legislation,  because 
the  people  farther  down  would  be  without  water.  It  is  a  fact  that 
when  the  water  from  rainfall  meets  the  permanent  supply  of  water  in 
the  soil,  which  is  only  a  few  feet  below  the  surface,  we  get  a  crop  in 
California.  When  a  space  of  dry  earth  remains  between  the  two,  we 
do  not  get  a  crop.  Now  the  result  of  draining  the  water  of  these 
streams  from  along  the  foothills  for  irrigating  purposes  has  brought 
that  low  water  much  higher,  so  that  the  old  beds  still  hold  water  lying 
in  pools  all  summer  long  when  twenty  years  ago  they  were  perfectly 
dry,  and  we  get  a  crop  now  with  decidedly  less  water  in  places  not 
irrigated,  than  used  to  be  necessary. 

Mr.  Bate.  A  few  years  ago  I  traveled  through  California  and  spent 
some  time  in  the  San  Joaquin  Valley.  I  was  particularly  interested 
in  that  raisin  country.  I  noticed  round  the  city  of  Fresno  miles  and 
miles  of  the  old  irrigating  ditches  that  had  been  dry  for  years,  and 
the  man  who  was  with  me  said  they  had  brought  the  water  there  years 
before,  but  found  they  had  too  much  for  their  vineyards  and  turned 
it  off.  That  country  was  absolutely  dry,  and  yet  it  was  one  of  the 
grandest  vine-growing  countries  I  have  ever  seen. 

Mr.  Bailey  spoke  of  a  ^'  June  "  rise  in  the  Arkansas.  A  residence 
of  several  years  on  the  lower  Mississippi  and  close  observation  of 
conditions  on  that  river,  impressed  him  with  the  effect  of  a  "  June  " 
rise  on  the  country  and  the  crops.  The  cotton  planters  had  a  very 
wholesome  dread  of  a  "  June "  rise.  Floods  in  the  river  caused  by 
spring  floods  above  on  its  tributaries  were  not  so  much  dreaded, 
although  sometimes  they  caused  a  greater  overflow ;  but  when  a  gen- 
eral rise  came  through  the  melting  of  the  snows  in  the  Rocky  Moun- 
tains, the  conditions  produced  were  most  disastrous ;  something  like 
the  flood  of  last  year. 

Mr.  Brandenburg.  We  need  never  fear  a  disastrous  flood  from  melt- 
ing snows  in  the  mountains  unless  we  have  heavy  rains  to  produce 
melting.     Natural  melting  without  rain  never  causes  a  flood. 

Professor  Moore.  This  subject  is  such  a  fruitful  one  that  we  might 
profitably  continue  its  discussion  for  a  week.  It  is  extremely  difficult 
to  base  any  conclusion  on  mere  hearsay  evidence.  Old  citizens  will 
come  in  and  tell  you  a  stream  is  dried  up  or  the  water  in  the  well  is 
not  so  high  as  formerly,  and  all  from  their  own  recollection.  Unless 
you  have  accurate  data  to  discuss,  it  is  utterly  useless  to  attempt  to 
reach  any  conclusion.    Now,  Mr.  Mitchell  stated  that  a  number  of 
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ponds  in  the  State  of  Florida  where  the  land  was  perfectly  level  had 
passed  away.  It  is  certain  that  if  there  were  ponds,  there  were 
also  depressions  which  caused  drainage  in  their  direction.  Now 
that  drainage,  although  the  movement  of  water  was  slight,  carried 
alluvial  deposits  into  the  depressions.  These  deposits,  with  rank 
vegetation,  have  simply  filled  up  the  ponds.  The  water  is  there,  but 
below  the  surface  of  the  earth.  A  mistake  that  most  people  make,  in 
claiming  that  there  has  been  a  change  of  climate  in  their  region,  is 
due  to  the  fact  that  change  is  continually  going  on  in  the  surface  of 
the  earth,  due  to  the  action  of  temperature  and  water.  That  is  what 
causes  your  streams  to  fail  and  your  ponds  to  pass  away.  Now,  you 
may  drain  with  tiling  and  other  methods  and  you  will  alter  the  char- 
acter of  a  small  area;  but  I  venture  to  say  that  all  the  draining  done 
in  the  United  States  and  all  the  deforestation  have  been  immaterial, 
inappreciable,  in  their  effects  on  climate.  They  may  have  had  an 
effect  in  augmenting  floods,  by  rendering  it  possible  for  a  given 
amount  of  water  to  gather  more  quickly,  and  thereby  supply  streams 
with  a  greater  volume  to  carry  away  in  a  given  time,  producing 
flood  stages.  I  can  see  practically  no  other  effect  of  deforesta- 
tion or  of  the  drainage  of  the  surface  of  the  ground  by  tiles  than 
simply  to  augment  the .  intensity  of  the  flood  volume.  It  has  no 
'  effect  on  climate.  But  the  subject  is  such  a  fruitful  one,  as  to  what 
is  the  effect  of  forests  on  the  conservation  of  moisture  and  the  effect 
of  the  cultivation  of  forests  on  the  consumption  of  the  moisture 
in  the  soil,  that  it  is  a  grave  question  whether  the  planting  of  forests 
does  not  result  in  the  consumption  of  more  soil  water  than  the  foliage 
retains  by  shading.  There  has  been  much  written  on  this  subject,  and 
it  is  nearly  all  on  very  imperfect  data,  and  we  have  very  few  facts  on 
which  we  can  talk  with  any  certainty ;  but  it  is  so  interesting  that  I 
encourage  you  to  study  the  subject  in  your  sections.  Don't  take  hear- 
say, and  don't  take  what  the  oldest  inhabitant  says. 

Mr.  Sage  said  there  was  a  great  lack  in  many  States,  and  especially 
in  Iowa,  of  rainfall  data.  One  station  in  a  county  for  rainfall  meas- 
urement was  not  enough ;  we  should  have  ten ;  if  possible,  one  in 
every  township. 


TOPIC  No.  U.— IS  THE  "WEATHER  MAP  APPRECIATED  AND  tJN- 
DERSTOOD  BY  THE  MASSES?  "WOULD  NOT  THE  POSTAIj 
CARD  "WEATHER  FORECAST  PROVE  A  SATISFACTORY  SUB- 
STITUTE  FOR  THE  MAP,  EXCEPT  WHERE  IT  IS  USED  FOR 
THE  PURPOSES  OF  STUDY  AND  INSTRUCTION? 

E.  B.  Calvert,  Washington,  D.  C,  and  T.  F.  Towtiskmd,  Philadelphia,  Pa. 

Mr.  Calvert.  Mr.  Chairman  and  coworkers:  In  a  brief  paper  that 
is  referred  to  elsewhere  in  our  program  I  have  treated  of  the  develop- 
ment of  the  weather  map.     The  history  of  this  important  work  of 
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our  service  shows  tfiat  the  mechanical  problems  in  connection  with 
the  weather  map  have  been  overcome.  It  is  now  possible  to  issue  as 
many  legible  copies  as  may  be  required.  But  now  another  important 
question  presents  itself,  one  that  miist  be  considered  carefully  and 
intelligently.  During  the  year  ended  June  30,  1898,  over  5,000,000 
maps  were  issued  to  the  public  from  the  stations  of  the  Weather  Bu- 
reau. They  were  sent  to  people  representing  nearly  all  the  different 
lines  of  commercial  and  professional  life.  What  percentage  of  these 
persons  used  the  charts  intelligently,  understanding  the  drift  of  the 
highs  and  lows  and  the  weather  conditions  that  usually  accompany 
them,  and  what  percentage  merely  used  the  printed  forecasts,  ignor- 
ing entirely  the  map  itself?  These  are  difficult  questions  to  answer, 
but  they  are  vital  questions.  If  any  considerable  proportion  of 
the  subscribers  paid  attention  to  the  forecasts  alone,  then  the  less 
expensive  and  more  easily  prepared  bulletins  and  forecast  cards 
would  have  answered  every  purpose.  For  over  ten  years  the  weather 
charts  have  been  issued  to  the  public,  and  in  every  community  they 
have  been  conspicuously  posted.  Are  these  charts  better  understood 
and  more  intelligently  studied  now  than  they  were  ten  years  ago? 
Our  station  officials  may  differ  in  answering  this  query,  and  their 
opinions  will  be  interesting.  For  several  years  the  Washington 
Evening  Star  published  conspicuously  a  reproduction  of  the  morning 
weather  map.  It  was  one  of  the  features  of  that  paper.  A  few 
months  ago  it  became  necessary  to  use  the  space  for  other  matter  and 
to  discontinue  the  chart.  It  was  fair  to  presume  that  in  such  a  com- 
munity many  letters  would  be  sent  to  the  Star  in  regard  to  the  dis- 
continuance of  the  map.  Only  three  such  communications  were  re- 
ceived. Does  this  indicate  that  the  public  does  not  understand  and 
appreciate  the  weather  maps? 

We  have  brought  our  map  making  process  to  a  satisfactory  stage ; 
now  it  is  important,  as  far  as  possible,  to  confine  the  issue  to  those 
who  desire  to  make  intelligent  use  of  them  and  can  do  so.  This  is 
not  an  easy  task.  It  is  not  possible  to  investigate  each  individual 
request  and  ascertain  whether  or  not  the  chart  to  be  furnished  will 
be  advantageously  studied,  or  simply  placed  in  a  frame  to  be  re- 
garded as  a  mystery  by  the  majority  of  those  who  stop  to  examine  it. 
It  might  be  advisable  to  discontinue  the  maps  issued  at  small  sta- 
tions and  replace  them  by  bulletins,  or  forecast  cards,  without  im- 
pairing the  efficiency  of  the  service,  and  at  larger  and  more  important 
stations  to  keep  the  issue  as  small  as  possible  by  a  judicious  inquiry 
into  the  uses  to  be  made  of  the  charts  by  applicants.  It  is  possible 
in  many  cases  to  meet  the  needs  of  persons  requesting  the  maps  by 
sending  them  forecast  cards  instead.  Most  of  our  station  officials 
exercise  great  care  and  judgment  in  this  matter,  but  still  the  map 
list  grows.  This  increasing  demand  might  be  taken  to  indicate  that 
the  public  is  becoming  better  informed  in  regard  to  the  charts  and 
their  value.  In  some  sections  this  is  probably  true,  but  in  most 
instances  it  can  be  attributed  to  the  desire  of  the  applicants  to  get 
the  charts  because  others  get  them  and  because  they  are  furnished 
free.  To  those  not  acquainted  with  station  work  this  argument  may 
seem  weak  and  insufficient,  but  the  station  officials  know  that  it 
is  true. 

Since  it  has  been  decided  to  discontinue  the  use  of  the  large  size 
station  map,  and  use  instead  the  small  chart,  the  aggregate  cost  of 
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the  maps  will  be  considerably  decreased.  This  dinaller  chart  can  be 
prepared  almost  as  quickly  and  cheaply  as  a  bulletin,  as  but  one 
small  piece  of  stencil  paper  is  required.  This  being  the  case,  no  mta- 
terial  advantage  would  be  gained  by  issuing  bulletins  at  small  sta- 
tions instead  of  the  maps,  but  if  the  predictions  alone  are  appreciated 
by  the  public  the  forecast  cards  can  be  furnished  easier  and  far  more 
economically  than  either  the  bulletins  or  the  maps. 

The  station  maps  in  blank  cost  the  Bureau  about  $1.55  per  thou- 
sand, while  the  same  number  of  forecast  cards  cost  but  40  cents. 
The  expense  of  preparing  and  issuing  maps  is  far  greater  than  the 
expense  of  sending  out  cards.  It  is  not  economy  to  deny  the  maps 
to  those  who  can  gain  information  and  profit  from  them,  but  as 
trusted  public  servants  it  is  incumbent  upon  us  to  use  due  diligence 
in  their  distribution  and  to  guard  against  unnecessary  waste.  The 
whole  matter  is  worthy  of  discussion. 

Mr.  TowNSEKB.  In  answer  to  the  question  "Is  the  weather  map 
understood  and  appreciated  by  the  masses?"  I  would  say,  emphat- 
ically, no.  Neither  do  I  think  they  are  by  the  majority  of  those  who 
receive  them.  Most  of  the  maps  that  are  posted  ^'for  the  benefit  of 
the  public"  are  placed  in  front  of  stores  and  other  places  for  adver- 
tising purposes,  and  the  public  in  passing  look  at  them  as  they  would 
a  picture,  and  but  few  stop  to  study  them.  I  believe,  however,  there 
are  enough  people  that  do  and  can  make  an  intelligent  use  of  the 
maps  to  warrant  their  distribution  to  the  largest  number  practicable. 
The  issue  is  necessarily  limited,  as  they  can  not  be  prepared  until 
the  reports  are  received  and  the  printing  must  stop  before  the  closing 
of  the  mails.  Because  of  this  limitation,  more  care  should  be  made 
in  their  distribution.  A  short  time  ago  letters  were  sent  out  from 
the  Philadelphia  office  to  almost  the  entire  mail  list  asking  whether 
cards  could  be  substituted  for  the  maps,  and  nearly  every  answer 
was  no,  but  they  gave  no  reason  for  their  answers.  The  maps  are 
larger  and  nicer  than  the  cards  and  cost  more  money,  and  when 
people  can  get  something  for  nothing  they  want  all  they  can  get.  I 
think  there  is  one  objection  to  the  card  as  issued  at  present.  A 
synopsis  should  accompany  the  forecast.  In  this  way  I  believe  it 
possible  to  get  more  people  interested  in  the  card.  In  order  to  give 
this  additional  information  it  will  be  necessary  to  stamp  or  print 
them  in  some  form  different  from  that  in  present  use.  The  ordinary 
printing  press  is  not  fast  enough.  The  inventive  genius  of  the  mem- 
bers of  the  Weather  Bareau  should  be  sufficient  to  get  up  some  cheap 
instrument  that  will  print  them  rapidly.  Some  means  for  addressing 
rapidly  is  desirable,  and  for  this  purpose  I  have  constructed  a  device. 
I  won't  speak  of  its  merits  or  demerits  at  this  time,  but  would  like  to 
have  you  see  what  it  will  do. 

(Mr.  Townsend  exhibited  his  addressing  machine.) 


TOPIC  No.  12.— PAPER:    PRIMARY  ^WORK  ON  MBTEOROLOaY 

FOR  THE  USE  OF  SCHOOLS. 

Patiuok  Cohvob,  Kansas  City,  Mo. 

Mr.  Connor.  My  experience  during  the  past  year  or  two  has  led  me 
to  believe  that  the  Weather  Bareau  should  compile  a  small,  primary 
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work  on  meteorology,  suitable  for  the  lower  grades  of  schools,  for  free 
distribution  to  schools  and  teachers,  or  at  the  cost  of  production 
which,  of  course,  would  be  very  small.  I  have  mentioned  this  mat- 
ter to  teachers,  clergymen,  scientists,  and  others,  and  all  were  of  the 
opinion  that  the  idea  should  be  carried  out  by  all  means,  some  of 
them  being  quite  enthusiastic,  especially  Prof.  J.  M.  Greenwood, 
Superintendent  of  Kansas  City  public  schools,  and  President  of  the 
National  Educational  Association  of  the  United  States. 

In  the  first  place,  there  is  not  a  primary  work,  a  catechism,  an  ele- 
mentary handbook  on  meteorology  to  be  had ;  certainly  none  that 
fills  the  requirements  of  present  needs.  Waldo's  and  Davis'  works 
are  all  right  in  their  place,  but  a  pupil  must  be  ready  to  enter  a  high 
school  to  take  them  up.  There  should  be  a  simpler  work  to  interest 
and  instruct  children  in  the  earlier  grades.  Meteorology  need  not  be 
altogether  treated  as  an  advanced  study  to  be  taken  up  only  when  the 
grade  of  a  high  school  is  reached.  It  is  estimated  that  only  about  4  per 
cent  of  the  children  of  the  United  States  enter  a  high  school  or  other 
institution  of  similar  or  higher  standing.  Now,  what  is  being  done 
for  the  remaining  96  per  cent?  Even  in  the  high  schools  meteor- 
ology does  not  come  within  the  curriculum,  except  in  so  far  as  it  is 
treated  in  physical  geography. 

During  the  year  ending  June  80  last,  the  Kansas  City  office  furnished 
maps  to  176  educational  institutions  by  request,  less  than  one-fourth 
being  up  to  the  grade  of  a  high  school  course.  Much  information 
was  also  given  by  our  office  upon  the  text-books  available,  the  usage 
and  cost  of  instruments,  and  how  the  study  could  be  taken  up  in  the 
schools,  but  it  requires  more  than  can  be  said  in  a  letter  to  give  them 
a  start. 

Another  lamentable  feature  of  the  matter  is  that  very  few  teachers 
have  a  knowledge  of  meteorology.  It  is  not  required  of  them  in 
in  order  to  secure  a  teacher's  certificate.  They  are  not  furnished 
with  text-books,  and  a  great  many  are  unable  to  purchase  them  because 
of  meager  salaries.  It  may  be  set  down  that  the  teachers  and  prin- 
cipals will  not  take  up,  in  an  incidental  way,  the  teaching  of  some- 
thing of  which  they  have  but  a  poor  idea  and  which  is  not  outlined 
or  systematized  in  any  available  work.  The  course  suggested  by 
Professor  Davis  is  far  beyond  them.  The  study  must  be  made  easy 
and  elementary. '  The  introduction  of  this  branch  into  school  studies 
is  an  innovation  that  must  be  presented  in  a  simple  and  attractive 
form. 

Then,  again,  public  appreciation  of  the  difficulties  met  with  in  fore- 
casting, a  feature  of  the  Bureau's  work  which  overshadows  all  else, 
will  never  be  secured  until  the  public  has  a  better  understanding  of 
the  subject,  and  the  surest  way  to  bring  that  about  is  through  the 
schools,  which  will  act  as  a  leaven  in  their  several  communities.  I 
have  explained  time  and  again  in  the  newspapers,  as  doubtless  many 
observers  have  done,  how  forecasts  are  made ;  what  they  are  based 
on  and  the  difficulties  which  beset  the  forecaster,  as  well  as  the  un- 
reasonableness of  the  public  at  times,  but  a  failure  is  looked  upon 
by  the  masses  at  present  as  if  nothing  had  ever  been  said  or  written 
on  the  subject,  and  the  great  majority  are  just  as  prone  to  credit  it 
to  inefficiency. 

All  of  us  have  been  benefited  by  what  we  have  been  taught  in 
schools  and  colleges ;  but  is  it  not  amazing  that  the  prominent  educa- 
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ton,  those  who  decide  and  dictate  what  brutehes  shall  be  taogfat  in 
the  echoolB  of  the  coantTjr,  have  not  yet  realized  the  impoitanee  or 
practical  naefalneae  of  giving  pnpils  an  idea  of  the  atmoephere  in 
which  they  live ;  the  phenomena  which  concerns  every  day  of  their 
lives ;  that  which  sets  its  seal  on  character  and  modifies  hereditary 
tendencies. 

It  is  understood,  of  coarse,  that  the  schools  in  a  few  prominent 
cities  have  taken  ap  this  matter  in  a  mdimentary  way,  but  this  fact 
does  not  lessen  the  responsibility  of  those  who  prescribe  the  conrsea 
for  the  varioos  States  and  Territories. 

The  majority  of  children  who  receive  only  a  smattering  of  certain 
scientific  branches  forget  all  aboot  them  within  ten  years  after  leav- 
ing school,  simply  because  there  was  nothing  in  their  daily  lives  to 
refresh  their  memories  or  revive  recollections  of  them.  Take  botany 
and  chemistry:  I  doubt  if  one  in  ten,  within  ten  years  after  quitting 
echool,  could  tell  which  way  the  seeds  point  in  an  apple,  or  give  the 
chemical  designation  of  common  table  salt.  Whereas,  with  meteor- 
ology it  is  quite  different.  Instead  of  forgetting  what  they  had 
learned,  their  knowledge  would  increase—thanks  to  Nature's  free  lec- 
tures and  daily  panorama. 

My  idea  in  suggesting  this  work  is  that,  besides  being  a  simple 
treatise  on  weather  matters,  it  should  contain  instructionB  for  teach- 
ers which  would  enable  them  to  interest  children  from  7  or  8  years 
of  age  up  to  where  their  mental  equipment  calls  for  a  more  ad- 
vanced work,  and  I  believe  that  the  primary  education  in  this  line 
would  make  the  subject  so  attractive  that  it  would  soon  become  one 
of  the  preferred  studies. 

The  instruction  should  begin  with  symbols.  The  teacher,  in  order 
to  engage  the  attention  of  children  7  or  8  years  of  age,  should  draw 
flags  on  the  blackboard  to  indicate  the  exx>ected  weather.  After 
they  become  thoroughly  familiar  with  the  flags  and  their  meanings 
something  else  should  be  added.  The  points  of  the  compass  should 
be  drawn,  and  across  them  an  arrow  showing  the  direction  of  the 
wind ;  and,  as  they  become  familiar  with  the  points  of  the  compass 
and  the  designations  usually  given  the  winds,  a  little  more  could  be 
added ;  but  the  flags  and  wind  directions  should  be  kept  up  every 
day.  Now  the  teacher  could  write,  for  instance :  "  To-day  the  wind 
blows  from  the  north.  The  weather  is  coldest  when  the  wind  blows 
from  the  north  or  northwest."  "To-day  the  wind  blows  from  the 
south.  The  weather  is  warmest  when  the  wind  blows  from  the  south." 
Interest  should  be  kept  up  by  adding  something  new  every  now  and 
then,  thas:  "The  sun  does  not  shine  to-day  because  of  the  clouds." 
"  Clouds  are  made  of  tiny  particles  of  water."  The  subject  can  thus 
be  developed  from  this  simple  beginning  gradually  to  cover  the 
readily  recognizable  features  of  the  storms  of  summer  and  winter. 
There  should  be  a  short  and  simple  description  of  the  barometer  and 
how  it  acts  before,  during,  and  after  a  storm;  in  other  words,  its  ap- 
plication to  weather  changes.  The  dry  and  wet  bulb  thermometers 
should  come  in  for  their  share,  and  the  significance  of  their  readings 
be  explained,  thus:  When  the  readings  are  far  apart  the  atmosphere 
is  very  dry ;  when  close  together,  very  moist,  as  in  foggy  weather. 
With  high  temperature  and  not  much  difference  in  the  readings, 
you  may  expect  to  feel  warm  and  uncomfortable ;  the  air  is  very 
oppressive,  because  it  is  very  moist  or  humid.    Sunstrokes  may  occur 
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in  the  neighborhood.  But  with  the  same  temperature  and  the  wet 
bulb  reading  15^  to  20^  lower,  you  do  not  feel  uncomfortable  in  a 
slight  breeze,  because  the  air  is  yery  dry.  Further  on  explanations 
of  these  facts  can  follow. 

At  this  time  the  children  should  be  required  to  record  daily  the 
reading  of  the  barometer  and  thermometers  and  the  direction  of  the 
wind. 

A  general  conversation  should  be  given  in  the  work  on  the  physical 
aspects  of  storm  areas,  the  names  and  elevations  of  clouds,  and  how 
clouds  and  rain  are  formed.  The  children  should  now  be  called  upon 
to  record  daily,  with  other  things,  the  names  and  amount  of  clouds 
and  the  state  of  weather. 

It  should  be  suggested  that  teachers  should  elaborate  their  explana- 
tions, which  frequently  prove  to  be  very  instructive  outside  the  imme- 
diate point  at  issue.    Frequent  reviews  should  also  be  called  for. 

The  titles  of  the  best  American  works  on  meteorology  to  be  read 
after  this  primary  course  should  be  given,  and  the  cost;  also,  the 
cost  of  ordinary  and  good  barometers  and  thermometers. 

The  daily  weather  maps  and  how  they  are  made  should  be  ex- 
plained, how  to  compare  them  to  get  the  sequence  of  changes,  and  an 
allusion  to  the  many  hidden  beauties  discoverable  after  a  little  study. 

There  is  a  great  necessity  for  a  work  of  this  kind.  Its  issue  by  the 
Government  will  not  be  usurping  the  privileges  of  publishers  or 
authors.  It  will  be  a  parallel  case  with  the  issuance  of  other  scien- 
tific and  semiscientific  papers,  constantly  being  published,  for  public 
enlightenment.  In  fact,  it  is  believed  by  the  writer  that  it  would 
stimulate  the  sale  of  standard  works  on  meteorology,  as  very  few 
teachers  would  stop  investigations  with  the  knowledge  gained  from 
this  primer.  The  attractiveness  of  the  subject  would  arouse  interest 
in  teachers  and  pupils  who,  perhaps,  never  would  have  understood  the 
difference  between  a  barometer  and  a  thermometer  if  it  had  not  been 
for  this  simple  but  valuable  little  book. 

If  the  Bureau  is  anxious  to  have  this  study  taken  up  in  the  schools 
of  the  country,  this  is  the  only  rational  and  systematic  method  by 
which  it  can  be  accomplished. 

Professor  Greenwood,  in  a  letter  on  this  subject,  dated  July  25, 1898, 
says:  . 

The  suggestion  that  a  small  volume  be  prepared  by  the  Weather  Bnreaa, 
stating  explicitly  the  simplest  principles  of  the  science  of  meteorology  for  the 
use  of  the  teachers  and  pupils  in  the  schools  of  this  country,  meets  my  unquali- 
fied approval.  I  sincerely  hope  your  efforts  in  this  direction  will  receive  con- 
sideration at  once. 


TOPIC  No.  13.— SHOULD  NOT  CERTAIN  IMPORTANT  VTBATHER 
BUREAU  STATIONS,  THE  DUTIES  OP  WiaiCH  COVER  A  'WIDE 
RANGE  OP  -WORK,  BE  DESIGNATED  STATIONS  OP  INSTRUC- 
TION FOR  NEWLY  APPOINTED  OBSERVERS? 

J.  Wabbkn  Skxtii,  Colambus,  Ohio,  and  C.  F.  R.  Wappbnhams,  Indianapolis,  Ind. 

Mr.  J.  Warren  Smith.  This  idea  of  stations  of  instruction  was  sug- 
gested to  us  by  the  fact  that  our  office  has  been  burdened  with  new 
men  this  summer  who,  while  unable  to  take  hold  of  any  important 
duties  in  a  trustworthy  manner,  have  actually  made  the  older  men 
more  work  by  their  inexperience.      I  believe  that  it  is  a  detriment 
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to  the  Batisfactory  work  of  a  station  to  have  new  men  pat  in  an 
observer's  place  and  supposed  to  fill  it,  so  far  as  the  work  of  that 
office  goes.  The  absolutely  new  man  mast  make  more  worlc  than 
relief  if  he  is  being  properly  instructed.  The  result  of  the  present 
system  oftentimes  is  that  while,  theoretically,  the  new  man  may  be 
taught  all  the  details  of  the  work,  he  is  actually  set  at  that  ^^ork 
which  is  simplest  and  which  he  can  do  most  readily  and  rapidly,  or 
which  the  older  men  dislike. 

Perhaps  he  is  first  put  on  a  small  station  with  a  limited  variety  of 
work.  He  does  a  portion  of  that  limited  variety  of  work  in  a  highly 
satisfactory  manner,  is  favorably  reported  on,  and  is  sent  to  a  large 
station  as  an  experienced  man,  but  he  is  like  a  new  man  to  the  latter 
station. 

I  believe  that  certain  centrally  located  stations  that  have  a  great 
variety  of  work  should  be  the  centers  of  instruction,  for  instance, 
one  west  and  one  east  of  the  Mississippi,  and  that  when  new  men 
are  sent  there  the  regular  office  force  should  not  be  disturbed.  It 
would  be  well  to  have  certain  men  at  these  stations  designated  as 
instructors,  who  shall  train  the  new  man  carefully,  report  on  his 
progress  to  the  official  in  charge,  or  directly  to  the  Central  Office, 
and  then,  in  a  measure,  be  responsible  for  the  observer's  fitness  when 
he  finally  is  given  regular  duties. 

Mr.  Wappenhans  spoke  briefly  of  the  danger  of  entrusting  even 
simple  work  to  new  hands  and  deprecated  removing  an  assistant  as 
soon  as  he  had  become  skilful. 

Mr.  Bate.  I  heartily  agree  with  the  gentlemen  who  have  made  these 
very  appropriate  remarks.  I  have  had  a  sort  of  kindergarten  at  my 
station  during  the  present  year.  I  have  just  finished  with  one  papil, 
and  the  happiness  of  this  meeting  has  been  marred  to  me,  to  a  great 
extent,  by  the  knowledge  that  I  have  to  go  back  home  and  take 
another  kindergarten  pupil.  My  man,  who  had  just  finished  his  six 
months'  probation,  is  ordered  off  to  Santa  Fe.  I  think  it  would  be  a 
decided  economy  to  establish  these  proposed  schools  of  instruction, 
and  when  a  man  comes  to  a  station  let  there  be  some  assurance  that 
he  will  come  fully  equipped. 

Mr.  Mitchell  thought  the  school  was  already  established,  namely, 
at  his  station.  He  would  soon  have  a  couple  of  graduates  ready  for 
some  one. 

Professor  Abbe.  I  think  you  all  must  have  been  troubled  by  the 
changes  in  the  young  men.  I  can  only  wish  that  the  Chief  were  here 
to  hear  these  valuable  suggestions. 
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TOPIC  No.  14.— OT.TMATB  AND  CROP  SBRVIOB  TVBBKLY  BUL- 
liBTINS :  SHOULD  RBMARKB  OF  CX^RBESPONDHNTS  BE  PUB- 
LISHED AS  SUPPLEMENTARY  TO  GENERAL  DISCUSSION? 
SHOULD  'WEEKLY  REPORTS  OF  TEMPERATURE  AND  RAIN- 
FALL BE  TELEG-RAPHED  TO  SECTION  CENTERS  FROM  SE- 
LECTED VOLUNTARY  STATIONS? 

A.  E.  Haoxbtt,  Columbia,  Mo.,  and  J.  B.  Mabbttbt,  Atlanta,  Ga. 

Mr.  Hackbtt.  Iq  regard  to  pablishing  correspondents'  reports,  I 
have  always  thought  that  was  one  of  the  most  important  features  of 
the  bulletin.  In  Columbia  I  have  met  quite  a  number  of  the  farmers 
of  Missouri,  particularly  the  more  progressive  ones,  who  come  to  the 
university  to  attend  the  short  course  in  agriculture,  which  lasts 
two  or  three  months  during  the  winter.  I  have  shown  them  copies 
of  the  bulletin  and  asked  them  what  they  thought  of  it.  Almost 
without  exception  they  have  said  that  the  reports  by  counties  were 
the  most  interesting  and  valuable  to  them.  The  summary,  which  is 
placed  at  the  top  of  the  bulletin  and  which  is  published  by  the 
newspapers,  gives  a  very  good  idea  of  the  general  conditions  over 
the  State  for  one  who  wants  to  read  hastily  and  get  a  general  view  of 
the  conditions,  but  many  farmers  are  interested  not  only  in  the  State 
at  large,  but  in  particular  crops  cultivated  principally  in  certain 
sections,  and  they  want  to  see  what  the  reports  are  from  those  sec- 
tions. I  think  the  publication  of  extracts  from  their  reports  is  of 
fully  as  much  importance  as  the  bulletin  itself.  But  as  to  the 
best  method  of  publishing  these  reports  I  am  a  little  in  doubt. 
Prior  to  this  year  I  used  to  take  the  crop  reports  as  they  came  in 
and  place  them  together  by  counties.  Then,  in  writing  up  the  bul- 
letin I  took  the  reports  from  each  county*  and  tried  to  take  one  sen- 
tence from  each  man's  report,  putting  in  something  like  "  Corn  is 
doing  finely,"  or  "  Too  wet  to  plant,"  and  so  on.  I  tried  to  get  a 
short  sentence  out  of  each  man's  report,  something  he  would  recog- 
nize, and  published  only  the  name  of  the  county,  not  giving  the 
name  of  the  reporter  at  all,  nor  the  name  of  the  place.  Up  to  this 
year  I  had  about  800  to  360  names  on  the  crop  reporting  list.  Of 
course  we  all  know  a  great  many  correspondents  do  not  make  reports 
regularly,  and  others  are  as  regular  as  clockwork,  but  I  seldom  had 
occasion  to  drop  from  our  bulletin  mailing  list,  a  man  for  failing  to 
report.  If  he  reported  twice  a  month  I  kept  him  on  the  list,  rarely 
having  occasion  to  drop  one.  This  year  the  list  was  increased  to 
600,  and  I  think  about  the  1st  of  June  I  began  to  publish  the  names 
of  the  correspondents.  I  had  room  in  the  bulletin  for  about  76  re- 
ports ;  there  are  114  counties  in  the  State,  and  consequently  I  could  n6t 
give  the  reports  for  each  county,  so  I  took  them  in  rotation  and  the 
correspondents'  reports  in  rotation,  stating  in  the  bulletin  that  that 
would  be  done.  Our  bulletin  fills  the  entire  sheet,  the  summary 
being  set  in  solid  primer  and  the  correspondents'  notes  in  solid 
minion.  I  published  the  name  of  the  county,  the  name  of  the  place 
from  which  the  report  came,  and  the  name  of  the  correspondent. 
This  prevents  any  misconception  or  misunderstanding  that  might 
arise  under  the  other  plan  of  publishing  only  the  name  of  the 
county,  for  it  frequently  happens  that  the  conditions  in  one  part  of 
the  county  are  entirely  different — perhaps  just  the  opposite  of  those 
in  another ;  a  man  in  the  north  part  may  report  that  corn  is  suffer- 
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ing  for  rain,  while  in  the  southern  portion  there  may  be  an  aban- 
dance  of  moisture.  In  such  a  case,  if  only  the  name  of  the  connty  is 
pablished,  the  people  in  the  southern  portion  are  very  likely  to  say 
that  the  report  is  not  correct,  and  that  the  bulletin  is  unreliable  and 
misleading,  but  when  the  name  of  the  place  is  published  such 
adverse  criticism  is  avoided,  and  the  publication  of  the  correspoDd- 
eut's  name  not  only  gives  him  due  credit  for  his  work,  but  tends  to 
make  him  more  careful  and  conservative  in  his  statements.  But 
while  I  thought  the  change  from  the  old  plan  a  marked  improve- 
ment, I  very  soon  found  a  decided  falling  off  in  the  reports.  Cor- 
respondents could  not  understand  why  their  reports  were  not  printed, 
and  they  wrote  and  wanted  to  know.  I  had  to  write  a  great  many 
letters  of  explanation,  and  even  then  a  good  many  thought  they  were 
slighted. 

Mr.  Marbury.  The  great  value  of  the  weekly  crop  bulletin  lies  in  the 
fact  that  it  carries  to  its  readers  each  week  the  condition  of  the  various 
crops,  showing  the  effects  of  the  weather,  whether  for  good  or  eviL 
Now,  the  question  arises  what  is  the  best  form  in  which  to  present  this 
information  ?    Whether  by  a  general  summary  of  the  conditions  of 
the  entire  State  or  a  condensed  summary  followed  by  the  remarks  of 
individual  correspondents.    That  there  seems  to  exist  a  diversity  of 
opinion  as  to  the  best  means  of  giving  this  information  to  the  reader 
can  be  seen  by  a  glance  over  the  bulletins  of  the  different  sections  of 
the  National  Climate  and  Crop  Service.    That  there  should  be  some 
uniform  style  adopted  is  beyond  question.    The  general  summary  but 
vaguely  expresses  the  true  state  of  affairs  and  gives  but  little  idea  as 
to  the  location.    The  publication  of  individual  reports  is,  in  my  esti- 
mation, by  odds  the  best  plan  if  sufficient  space  can  be  given  to  each 
correspondent,  but  to  do  this  would  require  more  space  than  is  avail- 
able in  a  bulletin  of  the  size  now  in'  use.     Many  of  the  States  con- 
tain more  than  one  hundred  counties  and  with  several  reporters  in  a 
county  it  would  be  impossible  to  publish  remarks  from  each  in  a 
bulletin  of  the  present  size.    As  one  means  of  overcoming  the  diffi- 
culty and  at  the  same  time  covering  the  ground  more  thoroughly  than 
could  be  done  in  a  summary,  I  would  suggest  that  each  individual 
crop  be  treated  under  the  proper  heading  similar  to  what  has  been 
done  by  the  New  England  section.    In  this  way  full  weight  can  be 
given  each  report  as  well  as  a  clear  idea  as  to  the  true  condition  of 
each  crop.    The  chief,  and  I  may  say  the  only  objection  to  the  pub- 
lication of  reports  by  counties,  lies  in  the  fact  that  it  is  impossible  in 
most  cases  to  give  an  intelligent  idea  of  the  crop  conditions,  owing  to 
the  limited  space  available.    The  method  adopted  by  some  directors  of 
publishing  the  reports  in  rotation,  I  think,  is  objectionable;  it  breaks 
the  chain  of  evidence  which  should  be  continuous  from  week  to  week 
during  the  entire  growing  season,  besides  it  not  infrequently  causes 
dissatisfaction  among  the  reporters  who  feel  slighted  to  find  their 
reports  left  out.     From  my  experience  I  am  convinced  that  it  is  far 
better  to  have  from  one  to  two  reliable  reporters  well  located  in  a 
county  than  several.    Within  the  limited  time  between  the  receipt  of 
the  cards  and  making  up  the  bulletin  for  publication  it  is  impossible 
to  do  justice  to  more  than  three  hundred  reports.    I  would  suggest 
that  the  number  of  correspondents  be  not  more  than  two  to  a  county, 
and  that  as  far  as  possible  each  county  in  a  State  be  represented. 
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It  has  often  occurred  to  me  that  there  should  be  certain  most  favor- 
ably located  points  from  which  weekly  reports  of  temperature  and 
rainfall  should  be  sent  to  the  section  center  for  use  in  the  compila- 
tion of  the  bulletin.  In  order  to  reach  the  section  center  in  time  for 
publication  many  of  the  cards  must  be  mailed  on  the  Saturday 
before.  Between  the  departure  and  arrival  of  the  report  some  sud- 
den and  decided  change  may  occur  in  the  weather  as  well  as  the  con- 
dition of  crops  which  can  not  now  be  always  known  by  the  director. 
With  telegraphic  reports  it  would  be  possible  to  publish  the  normal 
conditions,  together  with  the  departures  therefrom,  which  would  afford 
excellent  opportunity  for  study.  There  may  be  some  difficulty  in 
securing  the  desired  cooperation  at  first,  but  valuable  results  would 
soon  be  realized,  and  after  a  short  time  this  trouble  would  be  over- 
come. 

Mr.  Cline.  The  weekly  bulletin  is  one  of  our  most  important  pub- 
lications. I  believe  our  bulletin  represents  a  greater  proportion  of 
any  one  interest  in  the  States  than  the  bulletin  of  any  other  State. 
It  represents  one-third  of  this  cotton  produced  in  the  United  States, 
and  of  course  it  is  closely  watched  by  the  dealers,  not  only  throughout 
the  United  States,  but  throughout  the  world.  The  substance  of  our 
bulletin  is  cabled  every  week  to  Europe.  Now  I  consider  it  a  very 
important  matter  to  publish  the  correspondents'  remarks.  The  gen- 
eral summary  will  not  suffice,  because  the  local  merchant  is  continu- 
ally advancing  money  on  the  crop  in  different  parts  of  the  State  and 
he  not  only  wants  the  general  summary  for  the  entire  State  but  he 
wants  to  know  what  the  conditions  are  at  every  individual  point. 
We  can  only  give  him  this  from  correspondents'  remarks.  Another 
thing,  the  newspapers  know  what  kind  of  information  is  valuable  to 
the  public,  especially  the  daily  press,  which  is  crowded  for  space. 
Take  the  newspapers  and  ascertain  what  space  they  give  to  your  bul- 
letins, and  you  may  judge  of  the  value  of  the  information  you  are 
giving  in  it.  The  Daily  News,  published  at  both  Galveston  and 
Dallas,  and  the  Post,  published  at  Houston,  publish  all  our  corre- 
spondents' remarks,  sometimes  running  as  high  as  three  columns. 
That  shows  the  value  they  place  on  this  item.  I  consider  the  corre- 
spondents' remarks  one  of  the  most  valuable  features  of  the  bulletin ; 
that  is,  to  the  broker  and  the  producer.  I  publish  these  corre- 
spondents' remarks  by  stations,  and  try  to  bring  them  in  by  rotation 
in  different  sections,  as  far  as  possible,  so  as  to  give  them  all  a  chance. 
It  would  be  impossible  to  publish  the  entire  list  of  correspondents 
for  Texas  in  any  one  bulletin ;  it  would  take  one  printer  three  or  four 
days  to  get  it  done.  But  we  can  take  say  sixty  or  seventy-five  places 
well  distributed  over  the  cotton-growing  portion  of  the  State  and  give 
sufficient  information  to  guide  both  the  broker  and  the  producer.  I 
believe  I  can  say  nothing  further  in  this  connection,  but  I  think  we 
should  make  an  effort  to  publish  correspondents'  remarks  as  far  as 
possible. 
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Mr.  Bate.  I  consider  the  weekly  climate  and  crop  report  the  great 
pablicatioD  of  the  Bureaa.  I  am  happy  to  say  that  daring  the  past 
year  the  weekly  climate  and  crop  balletin  work  has  been  more  highly 
complimented  than  ever  before.  As  to  the  pablication  of  the  indi- 
▼idual  reports,  I  think  that  is  much  more  satisfactory  to  the  people 
who  send  in  the  reports,  and  also  much  more  satisfactory  to  the 
public.  I  always  supplement  the  observers'  report  by  a  short 
summary. 

Mr.  Jennings.  The  most  important  part  of  the  bulletin  is  that 
devoted  to  the  individual  or  county  reports.    I  was  never  so  forcibly 
struck  by  this  as  when,  a  year  and  a  half  ago,  the  usual  letter  came, 
requesting  a  summary  of  so  many  words  to  be  sent  by  such  a  date, 
to  the  Central  Office,  so  that  it  could  be  included  in  the  March  balle- 
tin.   1  went  down  to  the  Secretary  of  the  State  Board  of  Agriculture, 
and  asked  permission  to  use  his  reports  and  get  the  addresses  of  his 
correspondents.    "  Why,"  said  he,  "  we  have  quit.    We  have  no  use 
for  any  reporters  since  you  have  been  getting  out  that  bulletin  in 
that  way."    So  1  went  down  to  the  office  of  the  Kansas  Farmer,  where 
for  years  they  had  been  getting  reports  from  special  correspondents, 
and  they  too  had  quit.    They  considered  our  report  better  than  any- 
thing they  had  ever  had.    That  shows  the  value  placed  on  these 
county  reports  by  the  people  at  home,  and  to  go  to  work  and  cut 
them  off  is,  in  my  judgment,  to  cut  off  the  most  important  part  of 
the  bulletin.    You  know  Kansas  has  the  reputation  of  being  plastered 
all  over  with  mortgages.    Well,  every  big  trust  company  in  the  east 
takes  these  bulletins  of  ours,  and  they  use  them  for  getting  informa- 
tion needed  in  their  line  of  work,  depending  very  largely  on  these 
individual  or  county  reports.      There  are  large  wholesale  establish- 
ments which  have  men  traveling  over  our  State.    They  want  these 
reports,  and  they  want  the  county  reports.    It  enables  them  to  judge 
where  best  to  send  their  men  this  year  or  next  year.     If  they  have  a 
dry  spell  in  any  part  of  the  country,  they  don't  care  to  place  many 
orders  there.    So  these  county  or  individual  reports  are  considered  in 
all  parts  of  the  country  as  the  most  important  part  of  that  bulletin. 

Mr.  McGann.  I  think  every  section  director  should  issue  a  crop 
bulletin  that  he  knows  will  meet  the  approval  of  his  State.  Each 
State  has  its  own  interests ;  you  could  not  well  have  New  Jersey  fol- 
lowing the  lead  of  Alabama,  or  Alabama  following  New  England. 
Each  section  director  should  do  the  best  he  can.  In  New  Jersey  we 
want  individual  reports,  and  in  order  to  protect  themselves  from 
the  speculator,  the  farmers  don't  want  anything  to  do  with  the  sum- 
mary. The  individual  reports  are  the  most  valuable  part  of  the 
bulletin. 


Ill 

Mr.  Bauer  thought  but  little  oredence  wae  placed  by  chambers  of 
commerce  and  different  commercial  bodies,  except  in  a  general  way, 
in  the  individual  reports  of  crop  conditions  in  different  sections. 
He  believed  it  well,  however,  to  publish  reports  of  correspondents, 
as  it  encouraged  them.  He  thought  more  attention  should  be  given 
to  the  meteorological  features  of  the  bulletin,  and  particularly  to  the 
matter  of  rainfall,  and  that  we  ought,  if  possible,  to  provide  crop  cor* 
respondents  with  rain  gauges,  so  that  we  would  get  full  and  complete 
rainfall  reports. 

Mr.  Hammon,  speaking  on  the  second  subject  of  this  topic  (No.  14) 
said  that  in  some  States  it  was  absolutely  essential  to  use  the  tele- 
graph. If  he  did  not  use  the  wire  in  California  for  this  purpose,  he 
would  never  get  the  bulletin  out  in  time  to  be  of  any  use  whatever. 

Mr.  Chaffee  also  thought  that  every  section  director  could  use  the 
telegraph  to  good  advantage. 

This  concluded  the  afternoon  session  and  the  Convention,  at  about 
6  p.  m..  adjourned  to  meet  at  10  a.  m.  the  following  day. 

FRIDAY,  OCTOBER  14,  1898. 

The  closing  session  of  the  convention  was  called  to  order  by  Pro- 
fessor Abbe  at  10  o'clock  a.  m.,  October  14th. 


TOPIO  No.  16.— FROST  PIGHTINQ. 
Aliz.  G.  HoAj>ie,  New  Orleans,  La. 

Mr.  McAdie.  An  apology  must  be  made  by  the  writer  for  present- 
ing a  paper  which  is  little  more  than  preliminary  in  nature.  The 
wish  to  make  known  the  results  of  experiences  in  California,  for  the 
benefit  of  localities  where  the  frost  period  is  not  yet  over,  has 
prompted  this  paper,  and  must  be  an  excuse  for  such  a  brief  presen- 
tation of  important  features  of  the  problem  of  frost  fighting.  No  one 
living  in  California  during  the  past  winter  could  fail  to  be  im- 
pressed with  the  magnitude  of  the  interests  affected  by  frost.  True, 
there  are  other  critical  weather  conditions  which  affect  the  welfare  of 
the  community  to  a  greater  degree,  such  as  a  steady  prevalence  of  hot 
north  winds  in  May  and  early  June,  burning  the  grain  when  it  is  full 
of  milk,  or  a  deficiency  in  rainfall  during  the  germinating  and  grow- 
ing periods,  December  to  April,  so  marked  that  cattle  perish  for  lack 
of  feed  and  all  vegetation  suffers.  But,  speaking  generally,  the  sub- 
ject uppermost  in  the  mind  of  the  fruit  grower  from  the  beginning 
of  December  to  the  end  of  March  is  Frost.  When  one  thinks  of  the 
vast  fruit  interests,  both  citrus  and  deciduous,  centered  in  this 
State,  and  realizes  that  the  toil  and  expenditure  of  a  year  may  vanish 
in  a  night,  he  can  appreciate  with  what  interest  every  step  in  the  cam- 
paign to  free  the  fruit  grower  is  followed. 

Unusual  atmospheric  conditions  prevailed  last  winter  in  California. 
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No  better  opportunity  to  test  certain  theories  and  propositions  con- 
nected with  frost-protecting  methods  could  be  wished  for.    Moreover, 
a  certain  measure  of  success  had  rewarded  a  limited  number  of  or- 
chardists  who  had  followed,  in  the  previous  winter,  the  suggestions  of 
Mr.  W.  H.  Hammon  and  others,  demonstrating  the  possibility  of 
protecting  against  frost  even  in  the  coldest  weather  likely  to  occur  in 
California.    The  Weather  Bureau  office  at  San   Francisco  for   two 
years  lost  no  opportunity  of  emphasizing  the  following  points:  Ist^ 
that  frost  could  be  successfully  forecasted ;   2d,  that  fruit  growers 
could  be  warned  in  ample  time  to  perfect  arrangements  for  energetic 
and  wide-spread  smudging;  and.  3d,  as  a  result  of  the  other  two,  that 
fruit  growers  could  save  the  loss  due  to  frosts,  hitherto  accepted  as 
unavoidable.    Valuable  articles  upon  both  theory  and  practice  of 
frost  protection  were  published  and  the  whole  matter  brought  promi- 
nently before  the  public.     Many  orchardists  have  experimented  and 
much  practical  information  is  the  result.    At  Riverside,  the  Horti- 
cultural Club  appointed  a  committee  to  secure  data  showing  the  rela- 
tive efficiency  according  to  practical  tests  of  the  various  protective 
methods,  viz,   smudging,   moist  smudging,   steaming,   dry  heating, 
screening,  flooding,  etc.    In  brief,  the  results  are: 

1st.  That  the  temperature  of  orchards  can  be  materially  raised  by 
dry  heat. 

2d.  The  radiation  of  the  earth's  heat  can  be  materially  lessened  by 
moist  smudges  started  early  and  properly  managed. 

3d.  Raising  the  dew-point  by  means  of  steam  producing  devices 
was  not  successful.  (But  this  conclusion  may  not  apply  for  locali- 
ties elsewhere.) 

4th.  Cloth  or  mat  covering  is  effective  but  expensive. 

5th.  The  temperature  was  invariably  higher  in  old  seedling  groves, 
or  where  tall  windbreaks  afforded  to  smaller  fruit  trees  a  like  protec- 
tion, than  in  exposed  orchards.  A  tall  well  located  windbreak  is  an 
advantage,  but  one  not  properly  located  may  be  a  disadvantage. 

6th.  The  temperature  20  feet  above  the  ground  was  1°  to  2°  higher 
than  at  the  surface;  at  the  height  of  50  feet  the  temperature  was 
from  5^  to  10°  higher  than  at  the  surface,  when  the  air  was  still. 
When  the  air  was  in  motion,  the  difference  was  slight. 

7th.  Coal  baskets  sufficiently  numerous  proved  the  most  effective 
protectors.  Oil  pots  make  a  hotter  fire,  but  the  deposit  of  lampblack 
upon  tree  and  fruit  is  objectionable. 

The  whole  report  of  this  committee  is  of  the  greatest  interest,  and 
should  be  read  by  all  fruit  growers.  For  orange  and  lemon  growers 
it  is  a  most  valuable  paper.  Figures  showing  the  cost  per  acre  of 
effective  protection  are  given. 

These  experiments  were  made  in  the  heart  of  the  great  citrus  belt 
of  southern  California.  Measures  which  are  of  greatest  efficiency 
in  this  region,  however,  may  not  be  well  adapted  to  other  districts. 
The  protection  of  citrus  fruits  also  is  somewhat  different  from  that 
required  for  deciduous  fruits,  grains,  cranberries,  and  garden  truck. 
To  the  report  of  the  Riverside  Committee  we  may  properly  add  the 
following  general  consideration: 

8th.  The  method  of  protection  having  the  highest  efficiency  will 
not  be  the  same  for  all  localities  and  conditions.  Each  grower  must 
determine  for  himself  what  method  is  best  suited  for  his  particular 
farm  and  crop. 
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BeginniDg  almoet  with  the  first  day  of  December,  the  season  was 
characterized  by  frost.  In  time  we  shall  probably  know  of  some 
relation  between  the  position  of  the  permanent  high-pressure  area 
over  the  western. portion  of  the  country  and  the  prevalence  of  low 
temperatures  and  heavy  frosts.  The  pressure  distribution  for  Decem- 
ber is  shown  on  Chart  1  of  the  report.  The  motion  of  the  surface 
air  out  from  the  high  area  can  be  best  understood  by  using,  in  connec- 
tion with  the  different  charts  of  pressure  conditions,  the  relief  map 
of  southern  California.  Specific  maps  preceding  frosts  are  Charts 
II  and  III,  the  former  preceding  by  twenty-four  hours  the  frost  of 
December  3,  the  latter,  the  frost  of  December  20.  A  general  similarity 
exists  in  the  pressure  distribution  on  both  dates.  Not  every  map  of 
this  type,  however,  will  be  followed  by  frost.  The  most  important 
relation  yet  determined  in  forecasting  frosts  for  California  is  one  first 
pointed  out,  so  far  as  the  writer  knows,  by  Mr.  W.  H.  Hammon, 
namely,  that  the  movement  of  a  wave  of  falling  pressure  from  Mon- 
tana or  Idaho  southward  across  Utah  and  westward  through  southern 
Nevada  and  thence  into  Arizona  or  southern  California,  followed  by  a 
quick  rise,  is  a  good  indication  of  much  colder  weather  in  the  citrus 
belt.  Given  then  a  circulation  of  air  typical  of  a  frost  condition,  can 
we  explain  the  localization  of  frost  as  a  consequence  of  air  drainage? 
The  cold  air  is  shown  to  move  from  the  northeast,  i.  e.,  from  the  re- 
gions of  freezing  temperatures  to  the  comparatively  warm  true  citrus 
belt.  Conversely,  when  the  air  moves  from  the  warmer  sea  eastward 
over  the  land  there  is  little  danger  from  frost.  Indeed,  the  second 
law  in  frost  forecasting  for  California  is  that  a  breeze  from  tl^e  south 
or  west  will  prevent  frost  in  the  citrus  belt.  An  example  of  this  was 
shown  on  the  morning  of  December  8  at  San  Bernardino,  where  at  6 
p.  m.  the  temperature  was  42^ ;  at  midnight,  30^ ;  then  a  slight  wind 
sprang  up  from  the  southwest,  and  the  temperature  had  risen  by  2 
a.  m.  to  36°,  and  the  danger  of  frost  was  over. 

If  we  could  follow  the  air  as  it  moves,  we  should  doubtless  find  a 
close  agreement  between  the  frost  belts  and  certain  drainage  chan- 
nels. An  attempt  to  do  this  has  been  made.  Mr.  Frank  H.  01m- 
stead,  for  the  Los  Angeles  Daily  Times,  surveyed  the  frost  localities 
in  Los  Angeles,  Riverside,  San  Bernardino,  and  Orange  counties,  and 
plotted  these  upon  a  relief  map.  The  relation  between  air  drainage 
and  frost  formation  is  quite  apparent.  From  all  of  these  investiga- 
tions the  following  deductions  can  be  drawn: 

1.  Where  the  air  was  in  brisk  motion  the  damage  from  frost  was 
slight. 

2.  Stagnant  air,  such  as  would  exist  in  low  valleys,  basins,  inclosed 
patches,  etc.,  favors  frost. 

8.  Cold  air  draining  into  a  region  where  there  is  an  ascensional 
movement  may  give  rise  to  frost  streaks,  Hence,  large  fires  are  not, 
as  a  rule,  advantageous,  as  they  simply  facilitate  the  ingress  of  cold 
air. 

These  deductions  make  it  plain  that  frost  is  not  a  haphazard  mat- 
ter, occurring  without  reference  to  physical  laws  and  beyond  explana- 
tion. On  the  contrary,  every  seeming  contradiction,  when  carefully 
studied,  will  show  some  natural  law  at  work,  and  that  the  results  are 
in  accordance  therewith. 

It  would  be  of  the  greatest  value  to  determine  experimentally  what 
the  vertical  distribution  of  temperature  is  at  times  of  frost.   It  is  known 
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that  the  isothermohypB  (eqasl  temperature  heights)  are  complicated 
at  night  near  the  ground,  because  of  the  inversion  of  temperature 
with  increase  of  altitude.  It  has  been  found  by  ezperimenta  with 
kites  (Blue  Hill  Meteorological  Observations.  Explorations  of  the 
Air  by  means  of  Kites,  pp.  100,  112)  during  cold  waves  at  Blue  Hill, 
Mass.,  that  there  is  a  fall  of  temperature  with  increase  of  altitade  at 
the  adiabatic  rate  (1^  C.  for  100  meters)  from  about  300  meters  up- 
ward. Below  this  height  it  is  more  rapid.  This  is  said  to  be  the 
especial  characteristic  of  the  cold  wave  during  the  day ;  but  the  night 
curve,  notwithstanding  excessive  radiation,  is  said  to  show  a  rapid 
decrease  of  temperature  from  the  ground  upward.  The  fall  of  tem- 
perature is  not  so  rapid  near  the  ground  in  the  night  as  in  the  day. 
These  departures  from  the  normal  rate  are  full  of  significance  at 
times  of  frost.  Perchance  by  their  aid  we  may  yet  be  able  to  foretell 
with  certainty  the  coming  cold  wave,  and  also  find  in  them  clues  to 
improved  methods  of  protection  against  frost  based  upon  a  utilization 
of  the  heat  already  present  in  the  atmosphere,  but  now  lost  because 
of  imperfect  mixture. 


TOPIC  No.  16.— ABRIAL  OBSBKVATIONS. 
Q.  B.  WuBTX,  Pierre,  S.  Dak.,  G.  Habold  Notks,  Topelut,  Kans.,  J*  C.  Pibbot,  North  Platte,  Nebr. 

Mr.  WuRTZ.  In  describing  the  results  of  the  aerial  observations 
carried  on  by  the  Weather  Bureau  during  the  past  six  months,  I  must 
confine^  myself  mainly  to  the  experience  of  a  single  station,  but  I 
take  tlie  liberty  of  adding  a  few  fragmentary  results  which  I  have 
learned  from  others. 

The  work  at  Pierre  was  taken  up  late  in  the  spring  of  1898,  and, 
while  nominally  under  my  supervision,  was  directed  and  conducted 
entirely  by  Mr.  Orville  C.  Burrows,  assisted  by  the  kite  reeler.    In 
the  matter  of  directing  special  efforts  to  some  particular  line  of 
work,  or  to  probing  into  some  partially  understood  phenomenon, 
aerial  observers  were  empowered  to  use  their  own  discretion  and 
inclinations  as  to  methods  in  this  scientific  research.    These  men 
have  done  good  work,  considering  the  attendant  circumstances ;  the 
majority  of  them  were  employees  of  but  two  months'  experience  aB 
observers  when  they  began  the  work.    This  short  apprenticeship  was 
devoted  principally  to  the  mastery  of  the  mechanical  problems  inci- 
dent to  flying  kites  of  large  dimensions  at  high  altitudes.     I  dare 
say  that  inexperienced  men  had  to  be  put  at  this  work   becaase 
more  experienced  observers  could  not  be  spared  from  other  fields; 
but,  for  this  very  reason,  it  could  not  be  expected  that  the  results  of 
their  labors  should  be  startling  in  their  meteorological  revelations. 
That  some  tangible  results  are  apparent  is  a  great  credit  to  these 
men,  some  of  whom  could  not  have  appreciated  the  general  scope  of 
the  meteorological  science  for  which  they  were  attempting,  as  it  were, 
to  blaze  new  paths  to  knowledge  in  the  wilderness  beyond.    Indeed, 
their  position  is  like  that  of  one  inexperienced  in  woodcraft  attempt' 
ing  to  survey  and  bring  back  an  accurate  idea  of  an  unknown  forest 
or  like  that  of  a  high-school  boy  trying  to  diagnose  and  explain  the 
mysteries  of  some  unknown  disease.     I  say,  then,  that  credit  is  dae 
these  men  for  obtaining  any  valuable  information  whatever  by  their 
work.    While  these  results  amount  only  to  crude  suggestions  as  to 
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the  paths  for  more  careful  research,  I  feel  confident  they  are  worthy 
of  considerate  attention. 

Perhaps,  no  more  important  demonstration  has  been  made  than 
the  fact  that  the  apparatus  thoroughly  fitted  for  one  station  is  some- 
times not  adapted  to  the  needs  of  another.  To  my  mind,  the  expe- 
rience at  Pierre  demonstrated  that  the  first  kites  supplied  were  not 
strong  enough  for  the  winds.  Even  a  smaller  kite— one  of  scarcely 
more  than  half  the  surface — has  been  found  too  large  for  use  in  some 
of  the  winds,  and  many  good  ascensions  have  been  cut  short  by  the 
increasing  pull  on  the  wire.  It  is  evident  that  to  get  the  best  results, 
the  kites  must  go  up  in  as  many  kinds  of  weather  as  possible.  A 
lack  of  wind  is  an  insurmountable  di£Bculty,  and  strong  winds  are 
likewise  often  beyond  the  capacity  of  the  present  outfit.  During  the 
month  of  September,  more  observations  were  lost  at  Pierre  on  account 
of  high  winds  than  light  ones.  Bad  weather  and  electrical  currents 
of  high  potential  have  not  interfered  materially. 

One  of  the  difficulties  we  had  to  overcome  was  the  breaking  of  the 
safety  wires  from  sudden  gusts,  before  very  great  elevations  were 
attained,  when  convectioQal  currents  were  playing  an  important  part 
in  the  circulation.  When  the  safety  wire  breaks  under  such  circum- 
stances, the  ability  of  the  kite  to  lift  is  so  reduced  that  a  good  ascen- 
sion is  out  of  the  question. 

I  invented  a  device  to  overcome  this  trouble  from  sudden  gusts, 
without  permanently  changing  the  inclination  of  the  kite.  It  was 
so  constructed  that  at  any  pull  up  to  some  predetermined  tension,  as 
say  65  pounds,  the  angle  of  the  kite  would  remain  the  same  as  nor- 
mally bridled.  After  this  tension  was  passed,  however,  the  angle 
would  decrease  and  thus  usually  allow  the  kite  to  overcome  the  effect 
of  the  gust  and  again  resume  the  normal  angle.  If  the  critical 
strength  of  the  safety  wire  was  reached  with  the  kite  at  the  lesser 
angle,  then  it  would  break,  and  the  kite  would  have  to  continue  flying 
at  the  lesser  angle.  A  two  weeks'  trial  of  this  device  resulted  in  no 
safety  wires  being  broken,  while  previously  the  breakage  had  been 
nearly  one  to  each  ascension. 

It  has  frequently  been  found  that  when  moderate  currents  pre- 
vailed above  and  the  surface  winds  were  too  high  to  admit  of  sending 
up  the  larger  kite,  the  smaller  one  would  not  properly  take  up  the 
sag  in  the  wire,  yet  cumulus  clouds  showed  good  currents  at  slightly 
greater  elevations.  The  trial  of  a  small  diamond  kite  under  such 
conditions  showed  an  increase  of  3^  in  the  angle  of  the  kite  and 
also  of  the  wire  at  the  reel,  while  the  pull  was  almost  inapprecia- 
bly increased.  In  flying  tandems,  it  is  also  possible,  when  conditions 
are  favorable,  to  increase  the  surface  exposed  to  the  wind,  or  on  the 
other  hand,  to  take  in  a  portion  of  the  canvas  when  the  pull  is  too 
strong.  It  needs  no  explanation  to  the  kite-flier  to  show  the  advan- 
tage of  having  the  lower  two  or  three  thousand  feet  of  his  wire  well 
up  off  the  ground,  the  trees,  and  the  surrounding  chimney  tops.  It 
is  a  decided  advantage  too  to  be  able  to  take  off  one-fourth  of  the 
pull  after  one-third  or  one-fourth  of  the  wire  is  reeled  in  when  the 
dynamometer  exceeds  65  pounds.  For  these  reasons,  I  am  inclined 
to  advocate  the  use  of  tandem  kites,  but  only  when  it  is  done  to  help 
out  the  first  kite  or  pilot.  If  one  kite  will  take  the  instruments  above 
6,000  feet,  that  is  enough,  to  be  sure,  but  if  it  will  not,  I  say  put  on 
two,  three,  or  more  kites  as  may  be  required  to  make  an  observation. 
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In  this  connection,  an  appliance  for  attaching  the  tandem  to  the  main 
line  without  impairing  its  strength  and  in  such  a  manner  as  to  be 
readily  removable  is  a  necessary  precaution.  Several  more  or  less 
satisfactory  devices  have  been  used  by  those  accustomed  to  fly  kites 
in  tandem. 

But  these  mechanical  improvements  are  of  little  use,  unless  we 
find  them  the  means  of  making  valuable  discoveries  for  broadening 
our  knowledge  of  meteorology  and  improving  our  forecasting.  Our 
observations  at  Pierre  apparently  developed  several  ^'sure  signs." 
They  may  have  been  local  ones,  but  I  believe  they  will  bear  fuller 
investigation.  If  they  are  forerunners  of  general  disturbances,  as  I 
hope  and  believe  they  are,  they  will  be  of  great  value  to  the  forecaster. 

We  had  been  accustomed  to  seeing  a  daily  weather  map  at  other 
stations.  We  received  no  reports  at  Pierre  but  we  could  not  overcome 
the  habit  of  looking  daily  for  the  basis  of  a  reliable  forecast,  and  we 
found  one  more  reliable  in  the  results  of  our  kite  work  than  in  all 
other  data  obtainable. 

When,  at  an  approximate  elevation  of  2,600  feet,  we  found  a  stronger 
wind  than  at  the  surface,  we  knew  almost  certainly  that  we  should 
have  it  at  the  surface  before  the  day  was  over.  Now,  it  is  true  that 
wind  velocities  depend  to  a  coDsiderable  extent  upon  the  barometer 
changes,  and  the  steepness  of  the  gradients,  but  there  are  times  in 
the  Dakotas  when  quite  marked  depressions  pass  without  much  wind, 
while  at  others  some  of  the  most  disagreeable  dust-storms  occur  when 
least  expected.  It  is  noticed  that  when  the  barometer  leaves  us  in 
doubt,  the  kite  reveals  the  truth. 

The  wind  velocity  at  a  considerable  elevation  would  also  show 
regularly  a  more  marked  variation  in  the  velocity  from  morning  to 
noon  than  was  exhibited  at  the  surface.  Sometimes  this  variation 
would  be  a  decrease  so  great  that  the  kites  would  not  remain  up,  and 
sometime^  it  would  be  an  increase.  This  increase  or  decrease 
occurred  as  regularly  as  the  sun  rose  from  horizon  to  zenith,  but  I 
could  not  satisfactorily  connect  it  with  other  phenomena.  There 
appeared  to  be  no  means  by  which  could  be  foretold  the  way  the 
change  would  occur.  Also,  when  the  conditions  above  were  not  of 
the  extraordinary  type  that  later  showed  themselves  at  the  surface, 
there  appeared  to  be  no  close  association  between  the  changes  of  wind 
velocity  at  the  ground  and  in  the  higher  air.  If  this  were  better 
understood,  I  surmise  that  it  would  exhibit  some  interesting  facts 
relative  to  the  effects  of  insolation  upon  the  cyclonic  circulation. 

We  noticed  early  in  the  summer  that  sometimes  there  were  inver- 
sions of  temperature  through  the  first  2,600  feet  of  the  atmosphere 
and  slight  decrease  of  temperature  in  the  continuation  of  the  ascent. 
Sometimes  these  inversions  were  marked — the  temperature  2,600  feet 
above  the  ground  being  from  15^  to  18°  higher  than  at  the  surface. 
These  occurrences  were  invariably  followed  by  a  hot  wave,  and  the 
heat  usually  became  high  at  the  ground  by  the  middle  of  the  same 
afternoon,  and  surely  so^by  that  night  or  the  next  morning. 

Another  observation  was  that  when  all  the  other  conditions  are 
indicating  rain,  no  rain,  or  scarcely  any,  falls  when  there  is  even  a 
slight  upward  tendency  to  the  thermograph  trace  in  passing  through 
this  laver  of  2,500  feet. 

Conditions  were  not  favorable  during  the  summer  for  noting  the 
peculiarities  of  the  thermograph  trace  with  reference  to  cold  waves. 
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The  changes  to  cooler  weather  approximate  more  nearly  a  return  to 
normal  temperature,  or  only  slightly  below.  What  the  winter  obser- 
vations will  reveal  in  regard  to  the  advance  of  cold  waves,  I  am  un- 
able to  anticipate,  but  I  do  look  for  some  valuable  results. 

Some  characteristics  of  Dakota  climate  might  well  be  taken  into 
consideration  in  this  discussion.  Often  rainy  conditions  are  apparent 
in  the  atmosphere,  but  with  the  rain  clouds  floating  at  much  more 
than  an  average  elevation.  Not  infrequently  rain  is  plainly  visible 
falling  in  a  heavy  shower  from  cumulo-nimbus  as  they  pass  across 
the  country,  yet  evaporating  before  it  reaches  the  ground.  The  fall- 
ing rain  appears  like  a  vast  fringe,  well-defined  at  the  base  of  the 
cloud  and  depending  to  some  distance  below  it,  but  growing  lighter, 
and  toward  the  ground  disappearing  in  mist.  I  know  this  is  no  opti- 
cal illusion,  for  I  have  made  careful  observations  of  such  clouds  as 
they  approached,  passed  directly  overhead,  and  on  to  the  other 
side  with  the  same  appearance  still  remaining.  When  the  cloud  is 
directly  overhead,  its  form  is  hazy  and  indistinct,  and  its  distance 
very  hard  to  judge.  It  may  be  said  that  at  this  time  one  feels  that 
he  could  almost  touch  it,  and  at  the  same  time  is  uncertain  but  that 
it  may  be  very  far  away.  These  clouds  always  come  from  the  west. 
And  now  to  seek  the  cause  of  this  phenomenon.  The  atmosphere, 
so  laden  with  moisture  that  rain  must  occur,  and  yet  so  dry  that  the 
showers  evaporate  before  reaching  the  ground,  is  indeed  a  strange  con- 
dition. One  hundred  and  eighty  miles  to  the  west  of  Pierre  and  the 
Missouri  Valley  are  the  Black  Hills,  and  when  westerly  winds,  mois- 
ture laden,  pass  over  this  range,  the  entire  current  is  deflected  upward 
from  4,000  to  7,000  feet  above  the  sea.  The  Missouri  River  is  some 
1,400  feet  above  the  sea.  Midway  between  the  Missouri  and  James 
rivers,  therefore,  to  the  eastward  of  Pierre,  there  is  higher  ground, 
which  slopes  gently  toward  the  two  rivers.  Eastward  of  this  high 
ridge  there  is  considerably  more  rainfall,  and  it  appears  quite  plau- 
sible to  me  that  the  upper  main  current  of  air  flows  some  2,600  feet 
above  the  earth  at  Pierre,  while  the  underlying  air  remains  in  this 
basin  or  comes  from  some  other  source.  May  it  not  be  that  some  of 
the  cross  currents  that  sometimes  give  us  trouble  with  our  kites  at  an 
elevation  of  about  2,500  feet  above  Pierre  are  the  eddies  set  up  be- 
tween these  two  layers  of  the  atmosphere  where  they  come  in  contact  ? 
May  it  not  be  that  at  this  height  we  shall  find  the  storms  nearly  con- 
tinuous ?  Whereas,  the  surface  observations  make  it  appear  that  they 
are  broken  up  by  their  passage  over  the  mountains  and  their  intensity 
decreased  thereby.  This  hypothesis  should,  I  believe,  be  taken  into 
consideration  in  studying  the  causes  of  the  foregoing  phenomena. 
Intelligent  handling  will  make  these  kite  observations  of  value  to 
the  forecaster,  but  to  do  this  they  must  study  with  that  same  delicacy 
of  perception  that  the  good  physician  does  the  symptoms  of  his 
patient. 

Our  forecasting  has  now  reached  a  stage  where  improvement  must 
be  made,  not  in  the  ascertainment  and  recording  of  new  elements  or 
meteorological  conditions,  but  in  a  more  delicate  and  skillful  diag- 
nosis of  those  we  now  consider  on  our  charts,  An  improvement  of 
6  per  cent  in  the  percentages  of  verifications  means  the  elimination 
of  nearly  one-third  of  the  errors. 

Mr.  NoYES.  On  the  27th  of  April,  1898,  the  first  ascension  of  the 
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Weather  Bureau  kite  was  made  at  Topeka,  Kans.,  and   Bince   then 
ascensions  have  been  made  continually. 

A  discussion  of  the  results  obtained  at  one  station  must  necessarily 
be  limited ;  it  can,  however,  be  carried  on  with  a  degree  of  profit, 
confining  it  to  those  points  which  are  open. 

In  considering  aerial  observations,  one  of  the  first  noticeable  fea- 
tures is  the  action  of  the  kite  and  the  disclosures  it  makes  of  the 
wind's  movements.  On  the  ascension  of  a  kite  in  a  steady  surface 
wind  of  12  or  more  miles  per  hour,  it  is  noticeable  that  the  kite 
passes  through  a  stratum  of  wind  of  very  perceptibly  greater  velocity 
than  that  at  the  surface  and  than  that  in  the  stratum  above.  Now 
it  is  known  that  the  obstructions  at  the  earth's  surface  will  retard  the 
forward  movement  of  the  wind.  But  what  prevents  as  great  a  veloc- 
ity of  wind  above  this  maximum  zone  as  the  wind  slides  down  the 
gradient?  Again,  this  zone  of  maximum  velocity  is  not  always  pres- 
ent. Sometimes,  and  this  is  usually  in  the  early  morning,  the  kite 
shows  its  presence  during  the  ascent,  and  its  absence  during  the  de- 
scent. Occasionally  the  phenomenon  is  reversed,  or  even*  does  not 
show  at  all. 

As  to  the  direction  of  the  winds,  a  few  figures  are  of  interest. 
Southerly  winds  have  prevailed  in  80  per  cent  of  the  ascensions,  and 
westerlies  in  57  per  cent.  This  gives  more  than  100  per  cent  because 
the  southwest  winds  are  counted  as  both  southerly  and  westerly. 
Apparently  these  southwest  winds  are  passing  down  the  gradients  into 
the  areas  of  low  barometer  which  are  continually  passing  over  the 
Great  Lakes  eastward  down  the  St.  Lawrence  Valley  in  the  usual  form 
of  the  cyclonic  whirl.  Oftentimes  the  anticyclonic  areas,  with 
light  winds,  will  remain  for  an  extended  period  in  one  vicinity, 
thereby  preventing  a  kite  ascension.  Cool,  cloudy  days  are  likely 
to  prevent  kite  ascensions.  The  clouds  will  show  a  rapid  move- 
ment, but  the  vertical  convectional  currents  are  so  slight,  due  to 
the  presence  of  the  cloud  cover,  that  only  occasionally  is  the 
wind  strong  enough  to  lift  the  kite.  At  this  station,  it  is  not  often 
that  the  surface  wind  varies,  in  any  direction,  to  any  considerable 
extent  from  that  above.  On  one  occasion,  however,  the  surface  wind 
was  northeast  and  the  kite  was  in  a  south  wind  at  an  elevation  of 
3,500  feet.  This  ascension  also  displayed  a  very  singular  phenome- 
non which,  while  not  meteorological,  was  of  peculiar  interest.  On 
reeling  the  kite  in,  at  intervals  of  a  few  feet  on  the  wire,  spider  webs 
were  found,  and  in  some  cases  on  the  webs  were  very  small  spiders. 
While  the  kite  line  was  extending  to  windward,  one  could  see  the 
webs  hanging  therefrom  like  a  fringe.  As  the  webs  extended  the  full 
length  of  the  line,  they  must  have  been  borne  as  well  in  the  northeast 
surface  wind  as  in  the  south  wind  3,000  feet  up.  The  sky  at  the  time 
was  cloudy.  No  webs  were  found  on  the  kite,  and  none  were  seen 
caught  on  the  grass,  trees  or  bushes.  Perhaps  these  facts  will  interest 
entomologists. 

When  an  ascension  is  made  within  an  area  of  low  barometer  the 
humidity  is  usually  recorded  high,  and  the  lowest  humidities  are 
recorded  during  a  high  barometer.  The  aerial  humidity  preceding 
rain  has  invariably  been  high. 

Frequently  an  early  morning  ascension  shows  an  inverted  gradient 
of  temperature.  That  is,  up  to  900  feet  or  1,500  feet  perhaps,  the 
temperature  rises  higher  than  at  the  earth's  surface,  and  then  above 
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that  height  commences  to  fall  again.  As  the  sun  rises  higher  and 
oonvectional  currents  move  upward  and  downward  this  inversion 
ceases,  as  shown  on  the  descent  of  the  kite.  Toward  the  middle  of 
the  afternoon  the  normal  gradient  is  shown  by  an  ascent,  but  if  the 
descent  is  made  during,  or  especially  after,  the  twilight  period  then 
an  inversion  of  the  gradient  is  shown. 

The  electricity  which  ever  descends  the  wire  is  strangely  interest- 
ing. Sometimes  five  hours  after  thunder  has  been  heard  and  the 
kite  is  4,600  feet  up,  with  cloudy  sky,  there  will  not  be  the  least  sign 
of  electricity,  and  at  another  time,  with  the  kite  1,000  feet  high,  and 
the  sky  nearly  or  wholly  clear,  the  shock  from  the  wire  is  far  too 
unpleasant  to  take.  Perhaps  my  opinion  on  electric  shocks  is  not 
impartial.  Those  who  saw  the  article  in  the  Monthly  Weather  Re- 
view for  April,  1898,  will  perhaps  remember  the  accidents  caused  by 
electricity  heating  and  burning  the  kite  wire.  It  is  about  one  of 
these  accidents  I  wish  now  to  speak.  There  seemed,  on  May  81, 
1898,  to  be  a  thunderstorm  approaching;  no  lightning  was  visible  or 
thunder  audible,  yet  my  reeler  and  I  commenced  to  pull  in  the  kite. 
When  the  kite  was  still  3,000  feet  up,  at  the  end  of  6,000  feet  of 
wire,  a  bolt  from  the  clouds  was  seen,  by  others,  to  hit  the  kite.  We 
stopped  reeling ;  we  had  to.  I  have  been  nearly  in  front  of  a  6-inch 
naval  rifle  at  its  discharge,  and  its  noise  was  very  mild  compared 
to  the  report  which  we  heard  at  the  reel.  We  were  stunned  for 
a  brief  period  and  the  wire  was  ruined  by  the  discharge.  For- 
tunately, the  kite  reeler  was  wearing  rubber  overshoes,  but  I  was  not, 
and  in  consequence  got  a  burn  on  the  sole  of  my  foot;  this,  however, 
was  of  small  import  in  view  of  the  experience  gained.  The  kite 
fell  3,000  feet,  breaking  one  stick.  Several  really  ludicrous  events 
have  occurred  when  the  kite  has  behaved  badly.  Sometimes  the 
operators  get  knocked  down  and  dragged  about  by  the  kite  in  at- 
tempting to  land  it,  while  the  urchins,  at  a  distance,  shout  humiliating 
taunts. 

It  would  appear,  however,  that  the  aerial  observations  are  not,  as  a 
whole,  of  continuous  value,  because  of  their  great  irregularity.  It  is 
not  often  that  the  kites  go  up  at  8:00  a.  m.,  and  then  it  is  less  often 
that  synchronous  observations  can  be  made  at  each  of  the  kite  sta- 
tions because  of  atmospheric  conditions.  One  requisite  is  some  more 
sensitive  form  of  kite  meteorograph ;  another  is  some  form  of  cap- 
tive balloon  that  can  ascend  when  rain  or  lack  of  wind  prevents  the 
kite  from  going  up ;  but,  with  the  appliances  available,  it  is  certainly 
a  most  creditable  accomplishment  for  the  Weather  Bureau  to  have 
made  as  much  as  it  has  out  of  the  aerial  investigation  of  the  free  air. 

Mr.  PiERCY.  My  duties  in  connection  with  aerial  observations  at 
North  Platte,  Nebr.,  have  only  been  of  a  cursory  nature,  but  my  in- 
terest in  the  work  has  prompted  me  give  it  some  study.  The  practical 
work  is  performed  by  an  aerial  observer,  so  I  can  only  deal  with  this 
subject  in  a  general  way.  Aerial  observations  were  first  begun  at 
North  Platte,  in  April,  1898,  and  have  continued  ever  since.  By 
careful  observance  I  have  noticed  that  an  unusual  amount  of 
humidity,  electricity,  and  moderately  low  temperature  in  the  upper 
air  strata  frequently  indicate  precipitation  within  the  next  twenty- 
four  to  thirty-six  hours.  An  absence  of  these  conditions  foretells 
dry  and  fair  weather. 
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A  high  temperature  in  the  upper  atmoephere  is  invariably  the  fore- 
runner of  a  warm  wave  on  the  earth's  surface,  which  usually  occurs 
within  twenty-four  hour.  While  I  have  had  no  experience  in  aerial 
work  during  the  winter  season,  I  believe  that  it  will  be  of  value  in 
forecasting  cold  waves. 


TOPIO  No.  17.— SHOUIiD  NOT  A  BOOK  PROVIDING  FOR  A.  PER- 

.    MANENT    RBOORD    OF   MBTEOROLOGIOAIi    OBSBRV^TIONS 

FOR  A  PROLONGED  PERIOD  BE  FURNISHED  TO  THE  SEKTFION 

CENTERS  FOR  THEIR  USE  AND  FOR  VOLUNTARY  STATIONS  9 

G.  ▲.  LoTXLAHD,  Lincoln,  Nebr.,  and  J.  W.  Baubb,  Columbia,  S.  C. 

Mr.  LovBLAND.  The  need  of  some  method  of  filing,  in  compact 
form,  at  the  section  center,  the  monthly  values  of  the  more  impor- 
tant meteorological  data  recorded  by  the  voluntary  observers  hafi 
been  felt  in  Nebraska  for  a  long  time.  The  records  can  not  be  used 
in  a  study  of  the  climatology  of  the  State  to  the  best  advantage,  if 
at  all,  until  all  the  record  of  each  station  has  been  collected  in  such 
manner  that  it  can  be  viewed  as  a  whole  and  the  essential  facts 
obtained  quickly  and  easily. 

To  answer  the  many  questions  constantly  being  asked  this  office 
regarding  both    the    climatology  and  the  weather  during  specific 
periods  of  the  past  in  various  parts  of  the  State,  it  was  found  early 
in  the  history  of  this  work  in  Nebraska  to  be  a  saving  of  time  to 
thus  arrange  data.    It  seems  to  me  there  can  be  no  question  as  to  the- 
advisability  of  some  method  of  arranging  the  records  by  stations;  it 
is  an  absolute  necessity.     The  only  questions  it  seems  to  me  are : 
What  is  the  best  method,  and  what  data  should  be  entered  ?     Two 
methods  have  been  tried  in  Nebraska  and  each  had  its  disadvan- 
tages.   One  is  placing  the  record  in  a  large  unwieldy  book ;  the  other, 
placing  each  element,  as  temperature  or  precipitation  for  each  station 
for  the  use  of  the  station  on  a  loose  sheet  of  paper,  and  then  arrang- 
ing these  sheets  on  a  file  in  the  alphabetical  order  of  the  stations.    I 
am  inclined  to  prefer  the  separate  sheets,  but  think  a  thin  cardboard 
should  be  used  as  the  paper  becomes  torn  and  wears  out  so  easily. 

The  cards  could  be  printed  alike  for  all  the  elements,  and  the 
nature  of  the  data  entered  at  the  top  of  each  card  when  the  data  was 
entered.  Holes  should  be  punched  on  the  side  for  filing,  and  the 
cards  could  then  be  turned  like  the  leaves  of  a  book.  A  file  case 
should  be  furnished  to  protect  the  cards  like  the  covers  of  a  book. 
The  great  advantage  of  this  system  is  that  the  order  of  arrangement 
of  the  stations  can  be  changed  at  will  without  trouble  or  delay.  If 
the  records  of  a  district  or  a  few  stations  are  being  studied  they  can 
be  separated  from  the  rest  of  the  file  to  a  great  advantage  in  the 
work  as  well  as  a  saving  of  time. 

The  data  to  be  entered  would  depend  largely  upon  the  location  of 
the  section  and  the  use  made  of  the  records,  and  somewhat  upon  the 
force  at  the  section  center  available  to  do  the  clerical  work  required 
to  keep  the  records  copied.  With  the  card  system  the  amount  of 
data  thus  kept  tabulated  could  be  left  to  the  director  of  the  section. 
I  should  not  think  it  desirable  to  enter  daily  records  at  all  but  only 
monthly  values. 

The  cards  would  be  used  to  supplement  the  regular  monthly  report 
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and  not  to  take  its  place,  and  one  set  of  these  cards  should  be  fur- 
insbed  to  each  voluntary  observer. 

Mr.  Bauer.  The  question  presupposes  a  doubt  as  to  the  suitability 
of  the  present  Form  No.  1009 — Met'l  for  purposes  of  a  permanent 
record.  Form  No.  1009 — Met'l  is  well  devised  for  transmitting  to  the 
section  centers  and  to  the  Central  0£Bce  the  reports  of  voluntary 
observers,  but  owing  to  the  fiimsiness  of  the  paper  and  the  fact  that 
the  leaves  for  each  month  are  necessarily  loose  and  separate,  the 
form  is  not  suitable  for  permanent  record,  either  at  the  section 
center  or  at  the  home  of  the  voluntary  observer,  few  of  whom  are 
equipped  with  desk  room  for  filing  such  papers,  or  even  the  crudest 
facilities  for  binding  them  in  annual  volumes,  and  hence  their  lia- 
bility to  be  lost  or  inadvertently  destroyed.  A  suitably  arranged 
book  would  avoid  this,  and  by  showing  the  voluntary  observers  that 
their  reports  are  deemed  of  sufficient  importance  to  be  preserved  in 
permanent  form,  would  encourage  accuracy  and  the  continuity  of 
their  records. 

Such  a  book,  strongly  bound,  should  provide  space  for  notes  on  the 
more  important  meteorological  events  that  are  but  inadequately 
described  by  figures  alone ;  the  spaces  for  the  tabular  data  should  be 
so  arranged  as  to  afford  facilities  for  easy  comparison  by  months ; 
when  the  book  is  filled,  the  means  of  the  footings  would  represent 
average  conditions.  By  such  an  arrangement,  a  comparatively  small 
book  could  be  made  to  serve  for  many  years. 

It  might  be  well  to  have  a  separate  book  for  each  station  for  the 
use  of  the  section  center,  but  this  could  be  made  much  smaller,  by 
omitting  all  blank  spaces  for  remarks,  etc.  It  is  true,  that  to  keep 
such  a  book  for  each  volunt&ry  observing  station  at  the  section  cen- 
ter would  involve  much  additional  labor  in  copying,  but  the  results 
would,  in  my  opinion,  justify  the  additional  time  and  labor  required. 

This  oflEice  has  recently  been  requested  by  several  voluntary  observ- 
ers to  supply  missing  reports  which  had  been  mislaid  or  lost. 
Such  requests  have  a  twofold  signification:  First,  that  voluntary 
observers  are  desirous  of  having  a  complete  record  of  their  observa- 
tions, and  second,  the  unfitness  of  the  present  Form  No.  1009  for 
purposes  of  a  permanent  record  on  account  of  liability  to  be  lost. 

Without  hesitation  or  doubt,  I  therefore  declare  myself  heartily  in 
favor  of  providing  books  in  duplicate,  one  copy  for  the  section  center 
and  the  other  to  be  issued  to  voluntary  observers  as  their  private 
property,  for  permanent  record  of  voluntary  observer's  meteorologi- 
cal observations. 

Mr.  LiNNEY.  A  brief  inspection  of  the  sample  book  for  a  perma- 
nent record  of  the  voluntary  observations,  exhibited  by  Mr.  James 
Berry,  Chief  of  the  Climate  and  Crop  Division,  would  lead  me  to 
state  that  it  might  be  an  excellent  thing  for  issue  to  such  of  our  vol- 
untary observers  as  desire  something  for  permanent  record  purposes, 
but  I  would  suggest  that  it  should  not  be  made  requisite  to  the  estab- 
lishment or  continuance  of,  any  voluntary  station,  nor  should  it 
be  considered  a  part  of  the  equipment  of  all  stations.  It  should  be 
borne  in  mind  that  in  the  hands  of  the  average  voluntary  observer 
the  use  of  such  a  book  will  cause  many  faults  to  arise.  Thus,  if  the 
book  is  made  the  permanent  and  original  record  many  errors  will 
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creep  in  by  copying  to  the  Forms  No.  1009,  and  much  delay  iwill  be 
sure  to  result  in  forwarding  forms.  With  probably  80  per  cent  of 
the  observers  many  errors  will  regularly  be  made  in  attempting  to 
find  sums,  means,  highest,  lowest,  etc.,  and  the  number  of  errors 
which  will  thus  arise,  making  correction  necessary,  will  seriously 
impair  the  value  and  appearance  of  the  book  as  a  permanent  record 
in  the  hands  of  the  voluntary  observer. 

As  to  its  usefulness,  or  value,  at  the  section  center  I  can  not  assent 
for  several  reasons : 

First.  It  is  wholly  impracticable  for  the  directors,  with  the  present 
office  help,  to  attempt  to  make  the  copies  required,  and  even  if  the 
necessary  help  were  provided  the  results  would  not  justify  the  oatlay 
of  time,  money,  or  effort,  for  once  you  have  the  copy  m  the  book 
you  have  nothing  more  than  you  had  on  the  tissue  Form  No.  1009, 
and  it  is  not  original. 

Second.  The  present  plan  of  tissue  duplicates  furnishes  an  accurate 
and  good  permanent  record,  easy  to  handle,  compact,  and,  if  properly 
filed,  accessible,  while  they  only  require  computation  and  summariz- 
ing to  be  available  for  current  and  future  use. 

Third.  The  monthly  publication  of  each  section  summarizes  the  re- 
ports of  the  section  as  a  whole  and  individually,  thus  covering  all  of 
the  ground  given  in  the  proposed  book,  and  these,  if  bound  in  yearly 
or  bi-yearly  volumes,  would  become  a  neat  and  valuable  permanent 
record  to  supplement  the  retained  Forms  No.  1009. 

Fourth  (by  way  of  suggestion  and  recommendation).  A  file  case 
somewhat  after  the  plan  of  that  in  use  at  the  Chicago  office,  a  box 
being  provided  for  each  county  in  the  section,  would  cost  but  little 
more  than  the  proposed  books,  which  must  be  specially  made,  and 
the  reports  could  then  be  filed  easily' and  safely,  and  for  future 
use  would  be  at  hand  at  any  moment. 

Mr.  Palmer.  Relative  to  the  book  for  permanent  record  of  volun- 
tary observer's  report,  spoken  of  and  shown  at  Omaha,  I  have  the  honor 
to  make  the  following  report : 

Many  voluntary  observers  would  undoubtedly  like  such  a  book,  and 
it  would  be  advisable  to  place  one  at  their  disposal.  Most  of  them,  I 
believe,  find  their  tissue  reports,  properly  filed  away  with  the  section 
publications,  sufficient  for  their  use. 

A  proper  file  case  for  filing  all  reports  from  each  station  together 
seems  to  me  much  preferable  to  the  book  shown.  In  this  way  records 
from  each  station  can  be  readily  referred  to.  The  copying  of  these 
monthly  reports,  especially  the  maximum  and  minimum  tempera- 
tures and  the  daily  rainfall,  means  a  large  amount  of  additional  labor 
at  the  section  centers. 

I  believe  that  the  page  in  the  book  devoted  to  the  general  summary 
should  be  issued  for  the  section  centers,  but  in  a  slightly  different 
form,  ruled  so  as  to  have  room  for  "sums  to  include"  and  "means 
to  include"  succeeding  years.  Then  the  section  centers  could  keep 
all  means  for  substations  up  to  date,  and  also  furnish  material  for 
the  "climatological  addenda"  such  as  is  published  by  the  Ohio  and 
Indiana  sections. 

I  have  been  working  up  the  records  at  my  substations,  including 
only  temperature  and  precipitation,  and  I  should  have  been  glad  to 
have  had  blanks,  as  mentioned  above,  for  this  work. 
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TOPIC  No.  la— PAPER  :  ATMOSPHERIC  MOISTURE  AND  ARTIFI- 
CIAL HEATING-. 
W.  M.  W1L8OH,  Milwaukee,  WU. 

Mr.  Wilson.  The  importance  of  aqueous  vapor  as  a  coustituent  of 
our  atmosphere  was  not  exaggerated  by  Tyndall,  when  he  startled  the 
scientific  world  by  the  announcement  that  *^  The  removal,  for  a  single 
summer  night,  of  the  aqueous  vapor  from  the  atmosphere  which  cov- 
ers England  would  be  attended  by  the  destruction  of  every  plant 
which  a  freezing  temperature  could  kill." 

For  a  long  time  humidity,  relative  or  absolute,  has  taken  its  proper 
place  among  the  principal  meteorological  elements,  and  every  meteoro- 
logical service  in  the  world  maintains  a  series  of  observations  of 
atmospheric  moisture  with  the  same  care  as  that  bestowed  upon  tem- 
peratures, barometric  pressure,  or  rainfall.  The  intimate  relation 
existing  between  the  aqueous  vapor  of  the  atmosphere  and  its  precipi- 
tation in  the  form  of  rain  or  snow  has  inspired  practical  meteoro- 
logists with  the  hope  that  in  the  study  of  this  element  might  be  found 
the  solution  of  the  problem  of  rainfall,  and  possibly  lead  to  more 
accurate  results  in  forecasting  its  occurrence.  But  while  the  relation 
existing  between  the  various  forms  of  water  is  very  close,  a  knowledge 
of  the  exact  conditions  which  exist,  in  sufficient  force  to  account  for 
a  downpour  of  rain,  has  eluded  our  grasp,  and  the  results  of  the  study 
of  this  element,  so  far  as  practical  weather  forecasts  are  concerned, 
have  been  principally  negative. 

From  a  medical  point  of  view,  however,  the  importance  of  the  rela- 
tive evaporative  power  of  the  atmosphere,  in  estimating  the  pecu- 
liarities of  special  climates  and  their  effects  upon  the  human  organ- 
ism, must  be  evident  to  all  who  are  familiar  with  the  physiological 
functions  of  the  skin  and  lungs,  and  of  the  mucous  membranes  of 
the  entire  respiratory  tract.    Indeed,  according  to  Dr.  Albert  Buck: 

For  certain  classes  of  invalids  the  prevailing  humidity  at  a  given  place  is  a 
matter  of  more  consequence  than  the  temperature;  more  important  than  the 
mean  temperature — nay^  in  the  opinion  of  some  authorities,  a  matter  of  more 
import  than  is  the  vanability  01  temperature,  be  the  variations  of  the  latter 
never  so  frequent,  never  so  great,  and  never  so  sudden  and  sharp  in  their  onset. 

The  connection  which  subsists  between  the  humidity  of  the  atmos- 
phere and  its  capacity  for  absorbing  moisture  from  bodies,  both  ani- 
mate and  inanimate,  with  which  it  is  in  contact,  is  a  connection  of 
the  closest  possible  description,  but  it  is  a  deplorable  fact  that  medi- 
cal literature  is  almost  entirely  lacking  in  a  scientific  explanation  of 
the  effect  of  the  different  degrees  of  humidity  upon  the  animal  econ- 
omy. There  is  abundance  of  empirical  evidence  of  the  efficacy  of  the 
conditions  prevailing  in  the  different  portions  of  the  world  for  the 
cure  of  catarrhal  and  pulmonary  troubles,  but  whether  the  improve- 
ment which  not  infrequently  follows  a  residence  in  Colorado  or  New 
Mexico  is  to  be  accounted  for  by  the  dryness  of  the  climate,  as  is  the 
popular  impression,  the  elevation  above  sea  level,  the  abundant  sun- 
shine, the  new  surroundings,  or  the  outdoor  life,  or  whether  it  is  the 
result  of  a  combination  of  all,  physicians  are  unable  to  say  with  any 
degree  of  certainty.  It  is,  however,  generally  admitted  that  while 
aridity  and  elevation  'may  play  an  important  part  in  the  curative  pro- 
cess, the  efficiency  of  the  climate  in  this  respect  does  not  depend  on 
these  elements  alone,  as  equally  good  results  are  obtained  from  a  resi- 
dence at  Torquay  or  Falmouth,  on  the  south  of  England,  which  are 
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among  the  most  humid  climates  on  the  globe,  and  are  elevated  onl  v 
a  few  feet  above  the  level  of  the  sea.  Many  believe  that  the  resalts, 
so  far  as  humidity  is  involved,  which  follow  a  residence  at  SLiiy  place 
possessing  special  climatic  conditions  are  not  so  much  due  to  tlie  dry- 
ness or  saturation  of  the  atmosphere  as  to  the  comparative  freedom 
from  sudden  or  extreme  changes  in  humidity,  incident  either-  to  the 
natural  climate  or  to  the  comparatively  small  range  between  the 
humidity  prevailing  inside  the  dwellings  and  that  of  the  outside  air. 

We  will  assume  that  during  the  winter  months  the  normal  relative 
humidity  over  the  more  populous  portions  of  the  United  States, 
especially  east  of  the  Missouri  and  north  of  the  Ohio  rivers,  is  72  per 
cent,  and  that  the  average  diurnal  range  is  from  60  per  cent  to  85 
per  cent,  which,  it  is  believed,  fairly  represents  the  conditions  pre- 
vailing over  the  area  named. 

For  the  purpose  of  obtaining  data  upon  which  to  base  a  comparison 
between  the  average  external  humidity  and  the  prevailing  conditions 
with  respect  to  moisture  found  in  business  offices  and  living  rooms, 
observations  were  carried  on  during  the  past  winter  in  building 
heated  by  steam,  hot  water,  and  hot  air,  and  it  was  found  that  the 
average  relative  humidity  from  steam  and  hot  water  heating,  with  an 
average  air  temperature  of  72°,  was  28  per  cent,  while  from  furnace 
heating  it  was  as  low  as  24  per  cent.    Dr.  Albert  Barnes,  of  Boston, 
found  that  the  relative  humidity  in  his  office  building,  with  an   air 
temperature  of  72°  was  31  per  cent,  while  Mr.  Henry,  in  investigating 
the  relative  humidity  in  the  Weather  Bureau  building  at  Washington, 
during  March,  1896,  found  that,  with  an  air  temperature  of  72°,  the 
relative  humidity  was  32  per  cent.    From  these  observations,  it  is 
safe  to  assume  that  the  average  relative  humidity  in  dwellings  and 
offices,  during  that  portion  of  the  year  which  requires  artificial  heat- 
ing, is  about  30  per  cent,  or  about  42  per  cent  less  than  the  average 
outside  humidity  and  drier  than  the  driest  climate  known. 

The  evaporative  power  of  the  air  at  a  relative  humidity  of  30  per 
cent  is  very  great,  and  when  the  tissues  and  delicate  membranes  of 
the  respiratory  tract  are  subjected  to  this  drying  process,  a  corre- 
sponding increase  of  work  is  placed  upon  the  mucous  glands  in  order 
to  keep  the  membranes  in  proper  physiological  condition,  so  that 
Nature,  in  her  effort  to  compensate  for  the  lack  of  moisture  in  the 
air,  is  obliged  to  increase  the  functional  activity  of  the  glands,  and 
this  increase  of  activity  and  the  frequent  unnatural  stimulation, 
induced  by  the  changing  conditions  of  humidity  from  the  moisture- 
laden  air  outside  to  the  arid  atmosphere  within  our  dwellings,  finally 
results  in  an  enlargement  of  the  gland  tissues,  on  the  same  principle 
that  constant  exercise  increases  the  size  of  any  part  of  the  animal 
organism.  Not  only  do  the  glands  become  .enlarged,  but  the  mem- 
brane itself  becomes  thickened  and  harsh,  and,  sooner  or  later,  the 
surface  is  prepared  for  the  reception  of  the  germs  of  disease  which 
tend  to  develop  under  exposure  to  the  constantly  changing  percentage 
of  humidity. 

If  the  limitations  of  this  paper  allowed,  it  might  be  interesting  to 
notice  some  remarkable  cases  which  have  come  under  observation 
where  catarrhal  troubles  have  been  relieved  and  apparently  cured  by 
simply  introducing  sufficient  moisture  into  the  air  to  bring  the  con- 
ditions to  something  near  the  normal. 

The  economic  side  of  the  question  is  equally  interesting,  and  has 
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the  special  attraction  of  being  more  nearly  capable  of  a  mathematical 
demonstration.  In  a  room  in  which  the  temperature  is  72^,  with 
a  relative  humidity  of  30  per  cent,  the  temperature  of  the  wet 
bulb  is  64.5°.  If  a  room  with  a  sensible  temperature  of  64.5° 
is  considered  comfortable— and  there  is  abundance  of  evidence 
to  show  that  the  wet-bulb  thermometer  does  not  vary  greatly 
from  the  sensible  temperature  under  ordinary  conditions — the  same 
result  can  be  attained  by  heating  to  only  60°  and  supplying 
sufficient  moisture  to  raise  the  humidity  to  70  per  cent,  which  still 
conforms  very  closely  to  the  normal  condition  of  the  outside  air,  so 
far  as  moisture  is  concerned.  It  would  probably  be  impracticable  to 
maintain  uniformly  a  relative  humidity  of  70  per  cent,  especially 
with  a  low  outside  temperature,  as  the  condensation  upon  the  win- 
dows would  be  undesirable ;  but  by  heating  to  65°  the  relative  hu- 
midity could  be  held  at  50  per  cent  without  any  ill  effects,  except 
possibly  on  extremely  cold  davs. 

While  no  very  accurate  information  is  at  hand  as  to  the  cost  of 
heating  at  different  temperatures,  competent  engineers  estimate  that 
about  25  per  cent  of  the  cost  of  heating  is  expended  in  raising  the 
temperature  from  60°  to  70°.  If  this  be  correct — and  it  is  the 
best  information  obtainable  at  the  present  time— one-fourth  of  the 
cost  of  heating  could  be  saved  by  holding  the  temperature  at  60° 
and  raising  the  humidity  to  70  per  cent,  still  maintaining  a  wet- 
bulb  temperature  of  54.5°,  the  same  as  that  obtained  by  heat- 
ing to  72°  under  ordinary  conditions.  But  to  be  conservative  and 
avoid  the  possibility  of  any  unpleasant  results  from  condensation, 
our  dwellings  could  be  heated  to  65°  with  a  relative  humidity  of  50 
per  cent,  and  still  save  12^  per  cent  over  the  present  cost.  A  practical 
test  was  made  on  a  small  scale  during  the  past  winter  with  a  view  to 
determining  a  comfortable  sensible  temperature  and  the  possibility 
of  maintaining  the  humidity  at  a  constant  percentage.  A  valve  con- 
trolled by  an  electric  current  was  attached  to  a  steam  radiator  and 
and  the  electric  contact  made  through  an  ordinary  hair  hygrometer. 
By  this  means  it  was  possible  to  steadily  maintain  the  relative  hu- 
midity at  any  point  desired,  but  owing  to  lack  of  means  of  controlling 
the  temperature,  the  experiment  fell  short  of  determining  the  exact 
temperature  and  humidity  at  which  the  most  comfortable  conditions 
prevailed.  The  recognition  of  the  need  of  a  larger  quantity  of  mois- 
ture in  dwellings  heated  by  artificial  means  is  not  new,  but  the 
mechanical  difficulties  encountered  in  automatically  introducing  the 
moisture  in  sufficient  quantities  to  accomplish  the  desired  result, 
or  of  controlling  the  amount  introduced,  has  largely  deterred  prac- 
tical research  in  this  direction.  But  it  is  hoped  that  these  difficulties 
will  be  overcome,  and  at  no  distant  day  a  humidifier  will  be  as  neces- 
sary an  adjunct  to  every  first-class  heating  plant  as  a  temperature 
regulator  is  at  the  pretent  time. 


TOPIC  No.  19.— SHOULD  NOT  A  BOOK  BE  PROVIDBD  SUITABT.W 
FOR  KBBPING-  RECORD  OF  THE  ISSUE  OF  INSTRUMENTS  AND 
FLAGS  TO  VOLUNTARY  OBSERVERS? 

R.  G.  Allen,  Ithaoa,  N.  Y.,  and  B.  H.  Bboksok«  Blsmarokf  N.  Dak. 

Mr.  Allen.  In  answer  to  this  question  I  would  say  that  such  a  book 
would  be  very  useful  and  of  much  benefit  in  keeping  a  correct  and 
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eaeily  acoessible  record  of  iDstramentB  and  flags  loaned  to  volantarr 
observers,  but,  in  mj  opinion,  a  card  record  would  better  serve  the 
purposes,  would   always    present  a  neater    appearance,  and.     in^onld 
be  more  satisfactory  than  the    book    record.    This   card     system 
would  require  for  each  substation  a  small  sized  card,  with  a  suitable 
heading  showing  blank  spaces  for  the  name  of  station,  name  of  ob- 
server, date  of  establishment,  latitude,-  longitude,  and  elevation .      Just 
below  this  heading  I  would  suggest  that  spaces  be  provided   for  the 
different  instruments  usually  furnished  voluntary  stations  and   also 
the  different  kinds  of  flags.    With  this  card  method,  when  a  station 
is  discontinued,  the  card  for  that  station  should  be  removed  from  the 
file.    When  a  station  is  established  a  card  showing  the  name  and 
equipment  could  be  placed  in  its  alphabetical  order.    This  method 
would  insure  a  neat,  easily  accessible,  and  satisfactory  record. 

In  using  a  bound  book  more  or  less  changing  is  necessary  ^w^beo  a 
station  is  discontinued  or  an  instrument  broken  or  returned  for  any 
cause,  and  this  detracts  from  the  neatness  of  the  record. 

I  have  no  doubt  but  that  a  book  for  keeping  record  of  instruments 
and  flags  will  be  valuable  and  convenient  but  in  my  opinion  the  card 
record  more  so. 

Mr.  Bronson.  Mr.  Chairman,  in  my  opinion  such  a  book  should  be 
provided.  I  have  kept  one,  showing  kind  and  the  number  of  all 
instruments  received  and  issued  to  voluntary  observers,  for  the  past 
five  years,  and  have  found  it  very  convenient. 


TOPIC  No.  20.— ABE  OHANaBS  IN  THB  PRBSBNT  FORMS  a063 
AND  1064)  FOR  REPORTINa  W^EEKLT  OLIMATE  AND  OBOP 
OONDinONS  ADVISABLE  ? 

.    Chabubs  B.  LiirmT,  Chioago,  111.,  and  A.  J.  Mitohsu^  Jaoksonyille,  Fla. 

Mr.  LiNNEY.  I  find  very  little  use  for  the  special  report  card  ( Form 
No.  1054),  because  iny  observers  and  correspondents  are  usually  in 
advance  of  requests  for  matter.  The  large  number  which  I  have 
makes  it  possible  for  me  to  get  from  the  cards  of  any  week  more 
information  than  I  can  possibly  use,  and  generally  in  advance  of  the 
time  when  it  is  really  pertinent  information ;  thus  the  possibility  of 
the  first  frost  in  the  fall  is  usually  anticipated  from  one  to  two  weeks 
before  the  usual  request  from  Washington ;  so  with  other  things; 
and  I  therefore  find  very  little  use  for  the  form.  It  is  all  right,  how- 
ever, when  occasions  arise  for  its  use,  and  in  its  present  form  answers 
every  purpose. 

Mr.  Mitchell.  At  the  Indianapolis  Convention  I  suggested  the 
propriety  of  making  Form  No.  1053  conform  to  the  size  of  the  ordinary 
postal  card,  the  object  of  the  change  being  to  reduce  the  possibility  of 
mutilation  which  frequently  occurs  in  transit.  With  the  reduced 
size  the  card  will  be  of  ample  dimensions  to  contain  all  necessary 
facts  regarding  condition  of  crops  and  effect  of  weather  on  same.  In 
fact,  the  change  would  emphasize  the  necessity  for  succinct  state- 
ments and  brevity  by  crop  correspondents,  which  count  for  a  great 
deal  in  compiling  a  summary  for  the  State.  So  far  as  the  Florida 
section  is  concerned.  Form  No.  1054  answers  all  requirements. 
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TOPIC  No.  21.— SHOULD  OOMPBNSATION  BE  ALLOWED  PER- 
SONS, NOT  IN  THE  BMPLOT  OF  THE  BUREAU,  WHILE  LEARN- 
ING- STATION  DUTIES  TO  ENABLE  THEM  TO  PROPERLT  PER- 
FORM SUCH  DUTIES  IN  CASES  OF  EMEROEN07  ? 

David  Cdthbsbtsom,  Buffalo,  N.  Y.,  and  Q.  B.  Fbahkuh,  Los  Angeles,  Cal. 

Mr.  Cuthbertson.  The  Weather  Bureau  of  the  United  States  Gov- 
ernment was  organized  to  meet  the  unforeseen ;  it  has  always  aimed 
to  be  prepared  for  any  emergency  in  order  to  prevent  the  interruption 
of  its  work  in  any  of  its  branches,  since  otherwise  irreparable  loss  to 
many  communities  may  result. 

One  of  the  principal  things  to  be  provided  for  is  the  proper  per- 
formance of  station  duties  when  we  have  left  but  one  or  two  men  at 
a  station.  To  enable  us,  therefore,  to  be  in  readiness  to  meet  any 
crisis,  and  keep  the  work  going  on  with  regularity,  the  question  has 
arisen,  whether  we  shall  compensate  the  substitute  while  he  is  being 
instructed  in  station  duties  so  as  to  be  ready  to  act  in  the  event  of  an 
emergency  ?  As  we  are  willing  to  pay  for  the  work  when  the  emer- 
gency arises,  I  contend  that  by  all  means  it  is  the  part  of  the  Grov- 
ernment  to  allow  reasonable  compensation  to  a  competent  person 
while  under  instruction. 

In  my  opinion  a  young  man  attending  a  high  or  normal  school  or 
college  could  be  instructed  during  the  afternoons  of  school  days, 
and  on  Saturdays  could  be  given  practical  work  on  routine  duties  of 
a  station.  This  would  not  interfere  with  his  scholastic  duties,  and, 
being  an  attendant  at  school  or  college,  having  no  other  remunera- 
tive position,  he  could  always  be  relied  upon  to  render  his  services  as 
soon  as  required ;  when  he  leaves  school  and  enters  his  regular  voca- 
tion tlftn  another  such  young  man  could  take  his  place. 

I  am  thoroughly  convinced  that  as  we  expect  the  person  to  fill  an 
«  emergency  he  should  be  suitably  paid  for  the  time  he  devotes  to  the 
Government  in  order  to  learn  his  prospective  duties.  At  large  sta- 
tions, such  as  Buffalo,  an  emergency  can  not  well  occur  without  being 
successfully  met,  as  the  important  duties  of  an  observer  can  always 
be  taken  up  by  the  map  distributor,  and  the  latter's  duties  performed 
by  a  hired  messenger. 

Mr.  Franklin.  It  is  well  recognized  that  at  a  one-man  station  it  is 
necessary  to  have  an  experienced  person  to  continue  the  work,  at.  least 
the  meteorlogical  portion,  in  order  to  maintain  the  continuity  of  the 
records  in  case  of  the  unavoidable  absence  or  the  disability  of  the 
official  in  charge. 

While  the  regulations  of  the  Service  direct  that  provision  should  be 
made  to  obtain  the  services  of  some  one  for  such  cases,  yet  at  present 
no  compensation  is  allowed  for  training  a  man  for  the  duties  ex- 
pected of  him,  and  the  difficulty  of  obtaining  some  one  who  is  will- 
ing, without  remuneration,  to  spend  time  learning  station  work,  with 
a  remote  possibility  of  employment,  will,  I  think,  be  well  recognized 
by  those  who  have  had  experience  in  the  matter. 

There  are  stations  where  it  is  possible  to  secure  the  services  of  an 
ex-official  of  the  Bureau,  or  those  of  a  voluntary  observer  who  is 
sufficiently  familiar  with  station  work  to  assume  charge  in  emergency 
cases.  This,  I  think,  is  an  exception  and  not  the  rule,  so  it  will  be 
found  necessary  to  train  some  one  as  an  emergency  assistant. 

It  requires  time  and  experience  to  obtain  the  knowledge  necessary 
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to  perform  the  various  daties  of  a  Weather  Bureau  office,  and  while 
there  may  be  young  men  who  would  give  their  time  and  attention  to 
obtain  such  knowledge  without  a  desire  for  compensation,  ench  in- 
Btances  have  not  come  to  the  writer's  attention ;  on  the  contrary, 
compensation  has  been  expected,  because  it  has  been  found  neceesary 
to  spend  considerable  time  at  the  station,  which  otherwise  would  be 
given  to  some  line  of  business  that  afforded  a  pecuniary  return. 
Moreover,  those  who  are  obtained  for  such  emergency  services  are 
usually  persons  of  limited  means  who  can  ill  afford  to  give  the  Gov- 
ernment gratuitous  service  in  learning  prospective  duties. 

It  is,  therefore,  the  opinion  of  the  writer  that  some  system  of  re- 
munerating emergency  men  while  under  instruction  could  be  adopted 
with  benefit  to  the  service.  A  well  informed  man  would  then  be  at 
hand  when  required,  and  the  station  work  would  be  continued  with- 
out break  or  lapse,  particularly  in  the  meteorological  portion. 


Mr.  Townsend  of  Philadelphia  was  given  the  floor  to  explain  his 
self-registering  rain  gauge.  The  chair  appointed,  as  a  committee  to 
confer  with  Mr.  Townsend  and  report  upon  the  gauge,  Messrs.  McGrann, 
Walz,  and  J.  W.  Smith,  of  Boston. 

Mr.  Sims  obtained  permission  to  exhibit  a  simple  frame  for  use  in 
furnishing  advance  information.  The  chair  appointed  as  committee 
to  examine  and  report  on  the  apparatus,  Messrs.  Townsend,  Love- 
land,  and  Outram.  • 

Mr.  Bate  moved — 

That  the  Convention  of  Weather  Bareau  Officials  tender  their  especial  and 
grateful  acknowledgments  to  the  Commercial  Club  of  Omaha  for  the  hospitable 
oonrtesies  they  have  so  generoosly  extended  in  placing  their  elegant  and  com* 
modions  rooms  at  the  disposal  of  the  Convention  for  its  sessions. 

This  was  adopted,  and  the  Secretary  directed  to  send  a  copy  to  the 
Commercial  Club. 
Mr.  McGann  moved — 

That  the  thanks  of  this  Convention  be  extended  to  Mr.  James  Berry,  Dr. 
Cline,  and  the  other  members  of  the  reception  committee  for  the  very  excellent 
arrangements  made  for  as  during  this  Convention. 

Seconded,  and  unanimously  adopted. 
Professor  Hazen  moved — 

That  it  is  the  sense  of  this  meeting  that  we  have  profited  greatly  by  this 
Convention  and  that  it  would  be  a  good  thing  for  us  to  meet  annually. 

Mr.  Hammou  agreed  heartily  with  the  first  part  of  this  resolution. 

He  pointed  out,  however,  that  the  expense  of  a  trip  from  the  Pacific 

coast  was  too  great  to  allow  of  attending  conventions  oftener  than 

once  in  three  to  five  years.    He  thought  Congress  would  look  upon 

a  reasonable  thing  to  pay  part  of  the  expense  of  one  of  these 

itions. 
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Professor  Moore  said  he  would  ask  from  Congress  authority  and 
an  appropriation   to  pay  part  of  the  expenses  of  the  Convention. 

Professor  Hazen's  motion  was  adopted. 

Some  expression  of  opinion  arose  as  to  the  time  and  place  of  the 
next  meeting. 

Mr.  Pindell  and  Mr.  Bate  spoke  for  Chattanooga,  Tenn. ;  Mr.  Ham- 
mon,  for  San  Francisco,  Cal.;  Mr.  Pague,  for  Portland,  Oreg.;  Mr. 
Cline,  for  Galveston,  Tex. ;  Mr.  Conger,  for  Detroit,  Mich. ;  and  Mr. 
Mitchell,  for  Jacksonville,  Fla.  No  vote  was  taken,  and  this  matter 
is  entirely  in  the  hands  of  the  Chief  of  the  Weather  Bureau. 

Professor  Moore.  It  is  a  matter  for  congratulation  that  we  have 
had  the  advantages  of  this  Convention  and  of  the  enjoyable,  sociable 
time  of  last  night  [referring  to.  a  banquet  attended  by  the  mem- 
bers of  the  Convention  and  their  guests].  The  utmost  decorum 
has  been  manifested  by  all  present.  We  enjoyed  ourselves,  we  had 
our  fun,  but  we  were  temperate,  and  no  man  lost  sight  of  the  fact 
that  he  was  a  gentleman.  It  is  a  source  of  congratulation  that 
this  was  the  case.  Now,  it  is  probable  that  the  presiding  officer 
derives  more  benefit  from  such  a  convention  as  this  than  the  indi- 
vidual members.  He  gets  here  what  he  could  not  get  by  many  years 
of  official  correspondence — that  close  touch  and  affinity  with  the  offi- 
cials cooperating  with  him  in  this  great  institution  that  enables  him 
to  act  intelligently  and  for  the  best  interests  of  the  public  service.  I 
feel,  as  I  go  away  from  here  to-day,  that  I  have  acquired  a  fund 
of  information  from  the  very  best  sources  that  will  aid  me  and 
guide  me  during  the  next  year  or  two  in  my  executive  functions  at 
Washington. 

Furthermore,  this  Convention  has  enabled  many  deserving  men  in 
the  service  to  come  forward  and  present  papers  to  show  what  they 
can  do.  It  is  a  sort  of  forum  in  which  they  can  be  heard,  and  it  is  of 
great  assistance  to  the  head  of  the  Bureau  to  be  able  here  to  see  and  ' 
meet  with  these  workers,  that  when  it  comes  to  the  selection,  which 
is  vested  in  him,  of  officers  to  go  forward  to  higher  stations,  the 
associations  here  formed  and  the  opportunities  for  judging  of  the 
capacity  and  merits  of  our  officials  are  sure  to  be  of  great  assistance 
and  render  him  less  liable  to  err. 

Gentlemen,  this  meeting  is  adjourned. 


As  previously  stated,  it  was  not  possible  to  read  in  full  before  the 
Convention  many  of  the  papers  contained  in  the  program,  among 
which  are  those  given  in  the  following  appendix. 
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APPENDIX 


FBOFBSSOR  MABVIN'S  ^W^SIGHINa-  RAIN  AND  SNOW^  G-AUaE. 

W.  W.  Cablislb,  Iflnneapolls,  Minn. 

The  city  engineer  of  Minneapolis,  desiring  to  ascertain  the  rate 
of  excessive  rainfall,  expecting  to  use  the  data  in  determining 
the  proper  sewer  capacity  to  be  allowed  in  the  estimates  for  sewer 
construction  for  the  different  sections  of  the  city,  purchased  one  of 
Professor  Marvin's  weighing  rain  and  snow  gauges.  After  the  instru- 
ment had  been  given  a  reasonable  trial,  the  chief  engineer  of  the  sewer 
department  declared  himself  unsatisfied  with  its  record.  Having 
obtained  control  of  the  gauge  I  have  made  a  careful  study  of  its 
mechanism,  thoroughly  investigating  it  in  detail,  perfecting  its  ar- 
rangement and  removing  its  defects  whenever,  by  experiment  or  by 
observations  of  its  behavior  during  storms,  they  were  made  apparent. 
I  have  finally  succeeded  in  making  it  very  reliable,  and  by  introduc- 
ing into  its  electrical  circuit  an  instrument  which  I  have  called  a 
"controller,"  it  is  compelled  to  produce  a  record  which  shows  faith- 
fully every  increase  or  decrease  of  the  rate  of  fall  and  to  register 
within  four  seconds  of  the  exact  time  when  the  first  thousandth  of  an 
inch  fell  into  the  receiver,  with  the  same  degree  of  accuracy  for  every 
succeeding  thousandth,  including  the  last.  It  will  register  snow 
equally  as  well  as  rain  while  the  wind,  formerly  so  troublesome, 
makes  absolutely  no  impression  whatever  upon  the  record. 

While  the  instrument,  at  least  the  one  furnished  this  city,  embodies 
most  of  the  essentials  of  a  perfect  mechanism,  yet  some  details  of 
the  design  seem  not  to  have  been  fully  carried  out  by  the  maker, 
leaving  the  instrument  in  an  unfinished  condition  fatal  to  perfect 
action.  In  delicate  instruments,  and  particularly  electrical  devices 
intended  for  outdoor  use,  every  detail  must  be  looked  into  and 
every  safeguard  thrown  around  it.  An  imperfect  machine  naturally 
must  be  unreliable  and  inaccurate. 

The  scales  of  the  gauge  are  protected  by  a  hood  manufactured  from 
sheet  iron,  with  a  hole  roughly  cut  in  one  side,  which  is  closed  by  a 
door  also  constructed  of  sheet  iron.  It  is  obvious  that  a  sheet  iron 
door,  closed  against  a  frame  of  the  same  material,  can  not  be  shut 
air  tight  or  even  close  enough  to  keep  out  the  rain.  The  hood  has  a 
rectangular  base,  that  shape  being  retained  by  means  of  a  wire  placed 
in  the  hood  in  a  manner  identical  with  the  way  in  which  a. tinner 
finishes  the  top  of  a  tin  pail.  It- is,  of  course,  physically  impossible 
for  the  base  so  constructed  to  fit  closely  to  the  bed.  In  fact  it  fits  so 
loosely  that  during  a  winter  storm  the  snow  would  blow  inside  in 
such  quantities  as  to  completely  cover  up  the  scales  and  permanently 
stop  all  action.  The  hood  is  fastened  to  its  bed  by  ordinary  hooks 
and  eyes. 

The  gauge  is  essentially  a  storm  machine,  the  first  requisite  of 
which  must  be  the  complete  protection  of  its  internal  machinery 
from  water  and  air  currents,  either  of  which  will  operate  against  its 
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normal  action  and  ultimately  destroy  the  value  of  the  record.  lEven 
if  the  base  is  reasonably  water  tight,  but  will  admit  a  current  of  air, 
dust  will  be  deposited  on  the  machine,  interfering  with  free  action 
and  increasing  the  resistance  of  the  electrical  contacts.  In  damp 
weather  the  scales  will  sweat,  while  the  steel  of  the  scale  bearinge 
will  oxidize  in  almost  any  kind  of  weather  if  exposed  to  a  free  cir- 
culation of  air. 

To  remedy  the  evil,  I  fitted  the  bed  with  strips  of  heavy  rubber  and 
placed  a  piece  of  thick  felt  around  the  door.    This  answers  the  pur- 
pose fairly  well,  but  the  sheet  iron  hood  should  be  firmly  soldered  or 
riveted  to  a  frame  of  heavy  metal  cast  and  ground  to  accurately  fit 
the  bed.    Tnstead  of  being  loosely  fastened  by  hooks  and  eyes,  the 
hood  ought  to  be  firmly  bolted  to  the  bed  to  make  the  joint  as  tight 
as  possible.    It  need  never  be  taken  off  except  in  case  of  accident  to 
the  gauge.    The  door  should  be  made  of  cast  iron  ground  to  fit  a 
frame  of  the  same  metal.    In  short,  the  hood  should  be  made  by  a 
machinist  and  not  so  much  after  the   fashion  of  a  tinsmith.     One 
piece  of  the  working  mechanism  of  the  scales  passes  down  through 
the  bed  and  becomes  thickly  covered  with  rust  and  smoke  and,  from 
the  nature  of  its  exposure,  can  not  be  kept  clean.    It  also  requires  a 
hole  in  the  bed  plate  which  is  large  enough  to  admit  a  considerable 
current  of  air.     A  small  iron  box  might  be  fitted  over  this,  a  detail 
which  would  contribute  appreciably  to  the  preservation  of  the  deli- 
cacy of  the  instrument.    The  top  of  the  copper  can,  for  holding  the 
rainfall,  is  so  fiexible  that  it  can  easily  be  bent  between  the  thumb 
and  finger  in  the  ordinary  handling  of  it,  making  it  extremely  liable 
to  get  out  of  a  true  circle  and  rub  against  the  sides  of  the  hood. 
This  might  be  remedied  by  fitting  a  thin  brass  ring  around  the  top. 
The  can  itself  rests  loosely  on  the  scale  beam  and  it  is  never  abso- 
lutely certain  that  it  is  in  the  center  so  that  it  will  not  touch  the  cap 
which  fits  over  it.    To  remove  this  uncertainty  a  small  steel  point 
might  be  soldered  on  the  bottom  of  the  can,  in  the  center,  to  fit  into 
a  hole  in  the  scale  beam,  always  assuring  a  proper  position  for  the 
can.    This  little  detail  would  save  a  great  deal  of  inconvenience  and 
uncertainty  and,  occasionally,  a  record. 

The  dasher,  fitting  into  a  cup  of  glycerine,  is  fastened  to  the  scale 
beam  by  a  rather  awkward  clutch  with  no  arrangement  to  keep  the 
dasher  in  line  with  the  cup.  If  the  clutch  is  to  be  used,  some  means 
should  be  found  to  insure  perfect  and  permanent  alignment.  The 
dasher  itself  is,  however,  a  makeshift  to  correct  an  evil  which  it  does 
not  correct,  and  since  attaching  the  controller  I  have  dispensed  with 
the  dasher  as  useless.  The  machine  was  wired  from  binding  posts  on 
the  register  to  a  set  of  binding  posts  on  the  gauge  bed,  thence  to  a 
set  of  binding  posts  on  the  frame,  thence  to  the  contact  points,  the 
whole-  forming  a  somewhat  high  resistance.  The  under  surface  of 
the  bed  soon  rusted  badly,  covering  the  insulation  of  the  binding 
posts  with  fine  rust,  which  may  not  affect  the  insulation  in  dry 
weather,  but  when  the  rain  drops  spatter  up  underneath  the  wet  rust 
makes  a  good  path  for  the  current,  so  that  the  instrument  is  short 
circuited  and  the  record  ceases. 

In  order  to  effectually  prevent  this  I  removed  the  wires  from  the 
binding  posts,  ran  them  directly,  and  soldered  them  to  the  wires  run- 
ning to  the  contacts  and  the  gauge  magnet,  lessening  the  resistance 
and  the  liability  to  leak. 
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These  changes  render  the  instrument  thoroughly  storm  proof,  and 
reliable  action  is  now  the  rule  and  not  the  exception.  However,  with 
these  minor  details  carefully  adjusted  and  reliable  electrical  action 
secured,  there  still  remains  a  grievous  fault  which  renders  the  record 
useless  in  point  of  time  and  amount.  The  gauge  is  practically  like 
a  steam  engine  without  a  governor. 

In  theory  the  scales  are  in  constant  equilibrium,  or  at  least  always 
sensitive  to  about  11  grains  or  0.001  of  an  inch  of  water;  immedi- 
ately upon  receiving  a  deposit  of  that  amount  the  beam  settles  to  the 
contact  point  and  the  register  pen  instantly  makes  its  mark,  leaving 
a  reasonable  inference  that,  as  only  such  a  small  amount  of  water 
has  fallen,  the  storm  began  a  very  short  time  before  the  mark  was 
recorded.  After  ,the  first  movement  the  instrument  is  in  readiness 
to  record  the  next  0.001,  and  so  on.  On  account  of  the  interference 
of  the  wind,  in  actual  practice  this  theory  is  far  from  being  realized. 
With  the  funnel  removed,  which  is  necessary  during  the  snow  season, 
and,  therefore,  for  at  least  half  of  the  year  in  this  latitude,  the  scales 
will  be  persistently  out  of  balance  from  0.01  to  0.03,  depending  upon 
the  pressure  of  the  wind. 

Now,  suppose  the  scales  were  balanced  immediately  before  a  fall  of 
rain  which  began  at  1  a.  m.  and  ended  at  1:30  a.  m.,  amount  0.04. 
At  1:30  a.  m.  the  wind  increased  and  agitated  the  scales  until  they 
were  off  the  balance  0.03  at  1:50  a.  m.,  adding  that  much  to  the 
record,  making  a  total  of  0.07  on  the  sheet.  How  can  it  be  told  posi- 
tively from  the  record  that  it  actually  ceased  raining  at  1:30  a.  m. 
and  not  at  1:50  a.  m.  as  shown  on  the  sheet  ?  How  can  it  be  deter- 
mined whether  the  extra  0.03  should  be  taken  from  the  end  of  the 
record  or  from  some  other  portion  ?  Take  another  case:  It  begins  to 
snow  during  the  night,  the  register  making  its  first  mark  at  1 :  10  a.  m., 
with  the  scales  known  to  have  been  previously  blown  out  of  balance 
0.02.  As  snow  frequently  falls  in  fine  dry  flakes  at  rates  which  often 
amount  to  much  less  than  a  0.01  per  hour,  how  will  it  be  possible  to 
tell  from  the  record  the  commencement  of  the  storm  within  several 
hours  ?  Supposing  the  storm  ceased  at  the  time  the  machine  recorded 
its  first  0.001  and  at  the  end  of  an  hour  the  wind  increased,  blowing 
the  scales  off  0.03.  The  evidence  on  the  sheet  would  tend  to  prove 
that  the  snowstorm  occurred  as  a  heavy  fall  of  snow  of  short  dura- 
tion at  about  2:10  a.  m.  The  exact  time  and  rate  of  fall  during  a 
storm  are  often  far  more  important  questions  than  the  total  amount 
of  precipitation.  On  the  27th  of  last  March,  rain  began  to  fall  at 
11:55  a.  m.,  the  controller  had  been  placed  in  the  circuit  of  the  guage 
as  an  experiment.  A  thread  holding  up  the  armature  was  acci- 
dentally broken  at  six  minutes  after  noon  and  was  replaced  at  12:37 
p.  m.,  during  that  interval  the  guage  was  free  to  work  over  its  usual 
circuit,  the  funnel,  on  account  of  the  liability  of  m^ore  snow,  had 
been  removed.  An  examination  of  this  record  shows  that  up  to  the 
time  when  the  controller  was  cut  out  of  the  circuit,  the  precipitation 
was  fairly  regular  at  a  rate  of  about  0.08  per  hour ;  at  this  moment, 
the  gauge,  being  suddenly  placed  at  the  mercy  of  the  wind  which  was 
gusty,  made  a  record  of  0.02  at  a  rate  of  0.50  per  hour,  or  more  than 
five  times  the  actual  rate.  For  a  space  of  five  minutes  no  record  at  all 
was  made,  apparently  indicating  that  the  storm  had  entirely  ceased 
for  that  period.  At  12:30  p.  m.  another  record  of  0.02  was  marked 
on  the  sheet  followed  by  a  blank  of  seven  minutes;  at  this  point  the 
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controller  was  again  placed  in  the  circuit  and  the  true  rate  recorded, 
making  a  emooth  continuous  line.  From  personal  observatioii,  the 
rate  of  fall  appeared  to  be  steady.  This  proves  that  at  no  particular 
minute  can  it  be  determined  from  the  record  that  rain  or  sdoi^  was 
falling,  which  to  say  the  least  is  a  very  serious  fault. 

The  so-called  controller  above  mentioned  was  devised  for  tlie  pur- 
pose of  eliminating  all  effects  of  the  wind  and  of  continually^  main- 
taining the  scales  in  equilibrium. 

The  mechanism  of  the  instrument  may  be  described  as  folloipvs: 

An  electromagnet  is  fastened  horizontally  to  a  base.    Its  armatare 
carries  a  lever  which,  when  the  armature  is  down,  touches  an  adjuBt- 
able  contact,  closing  the  circuits  of  the  rain  gauge,  which  are  other- 
wise broken  at  this  point.    This  magnet  is  placed  in  direct  circuit 
with  the  scale  contact,  the  sole  duty  of  the  scale  contact  beings   now 
to  work  the  controller  magnet  and  not  to  produce  any  action  what- 
ever in  the  gauge  or  register  magnets.    The  wire  from  the  i^auge 
magnet  is  disconnected  from  the  scale  contact  and  led  through   the 
break  on  the  register  to  the  lever  of  the  controller  magnet.    The  bat- 
tery wire  leads  up  to  the  contact  point  underneath  the  arm.     Above 
the  controller  magnet  is  a  system  of  clockwork,  the  second  hand  of 
which  is  replaced  by  a  toothed  wheel  which,  of  course,  makes  its  rev- 
olution once  every  minute.    The  axis  of  this  wheel  carries  a  loose 
pulley.    A  thread  attached  below  to  the  armature  runs  over  the  pul- 
ley carrying  a  small  weight  at  its  loose  end.    This  weight,  aided  by 
the  usual  armature  spring,  maintains  the  armature  at  its  highest 
point.    The  loose  pulley  also  carries  a  catch  which  hangs  underneath 
the  minute  wheel  until  the  armature  begins  to  descend,  when-  the 
catch  immediately  hooks  into  the  wheel,  after  which  the  movement 
of  the  armature  is  retarded  and  can  descend  only  at  the  speed  of  the 
wheel.    The  time,  therefore,  which  the  armature  will  consume  before 
it  finally  touches  the  contact  point  is  governed  by  the  clock. 

This  arrangement  results  in  preventing  the  agitation  of  the  scales 
by  the  wind  from  affecting  the  register,  for  as  such  movements  are 
only  momentary  in  character,  they  only  suffice  to  move  the  controller 
magnet  a  fraction  of  its  distance,  while  its  full  movement  is  neces- 
sary to  bring  about  action  in  the  gauge  and  register  magnets.  If, 
however,  a  permanent  weight  like  rain  or  snow  falls  into  the  receiver, 
the  controller  armature  settles  firmly  down  upon  its  contact  point, 
the  gauge  circuits  are  completed,  and  the  proper  record  made.  By 
experiment,  I  have  determined  that  the  scales  are  never  held  down 
by  the  wind  for  more  than  two  seconds,  and  usually  for  only  a  small 
fraction  of  a  second;  therefore,!  have  set  the  controller  magnet  so  as 
to  aUow  the  register  to  work  every  four  seconds,  or  fifteen  times  a 
minute,  sufficient  to  give  a  smooth  trace  for  excessive  rates.  Thus, 
the  gauge  is  always  ready  to  record  the  first  0.001  which  falls  and 
gives  the  true  amount  at  any  time  up  to  the  last  four  seconds.  The  rain 
trace  is,  therefore,  absolutely  true  to  the  fifteenth  of  a  minute,  and 
evQu  that  fraction  can  be  eliminated  by  merely  setting  the  clock 
ahead  four  seconds.  The  gauge  scales  being  always  as  near  equilib- 
rium as  its  sensitiveness  will  permit,  the  knife  edges  are  kept  nicely 
polished,  an  important  item  in  looking  for  the  best  results. 

Drosometer, — The  gauge  scales  are  sensitive  to  about  11  grains;  an 
ordinary  pair  of  druggist's  prescription  scales  are  sensitive  to  a  six- 
tieth of  a  grain.    It  is,  therefore,  possible  to  construct  a  much  more 
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delicate  inBtrument  which  will  meaBore  0.0001  or  less.  With  Bach 
an  inBtrament,  and  with  the  controller  included  in  the  circnit,  it  iB 
only  neceesary  to  expose,  instead  of  the  copper  can,  a  device  for  dew, 
when  a  trace  for  that  form  of  precipitation  can  be  as  easily  recorded 
as  for  rain. 


INTEBOHAKaB  OF  STAND  ABB  OT.TMATIC  DATA. 

Ajuu.  G.  MoIdib,  New  Orleans,  La. 

As  a  first  premise  let  us  agree  that  the  climatic  data  of  a  State  or 
section,  as  now  published  in  the  monthly  bulletins,  are  of  sufficient 
accuracy  to  warrant  use  in  the  scientific  discussion  of  the  many  prob- 
lems in  agriculture,  engineering,  and  hygiene,  daily  brought  to  the 
meteorologist  for  solution.  If  it  be  conceded  that  the  material  already 
available  is  of  this  character,  a  plea  for  the  increase  and  diffusion  of 
such  matter  needs  but  a  presentation  of  suitable  methods  to  be  accept- 
able. 

Doubtless  every  director  realizes  the  necessity  of  keeping  himself 
informed  of  the  climatic  conditions  of  other  sections  as  well  as  his 
own.  Especially  must  he  follow  the  conditions  of  districts  compet- 
ing with  his  own  in  the  markets  of  the  nation.  We  are  all  aware  how 
carefully  reports  of  the  yield  of  wheat  in  Russia,  Argentina,  and 
Australia  are  studied  in  the  United  States.  The  value  of  our  own 
yield  is  largely  dependent  upon  conditions  existing  elsewhere.  What 
is  true  on  the  large  scale,  is  true  on  the  small  one  where  different  sec- 
tions are  concerned.  The  conditions  in  Kansas  concern  the  grain 
grower  in  California  and  vice  versa. 

In  the  National  Crop  Bulletin,'  the  information  is  available  in  con- 
venient form  each  week  of  the  growing  season.  So  well  is  the  work 
accomplished  that  suggestions  for  improvement  are  not  easily  made. 
Perhaps,  those  most  interested,  the  farmers  themselves,  do  not  get  the 
full  benefit  of  the  information.  Possibly  it  may  occur  to  some  one 
present  to  suggest  a  remedy.  We  admit,  though  cheerfully,  that  little 
more  can  be  desired  with  regard  to  the  collection  and  dissemination 
of  standard  crop  data  during  the  season.  The  effect  of  climatic  con- 
ditions upon  crops,  while  easily  chief  among  the  interests  of  the  com- 
munity, is  not  the  only  matter  of  importance.  Manufacturing  and 
the  mechanical  arts  have  their  place  in  a  publication  like  the  monthly 
bulletin,  and  their  importance  should  not  be  underestimated.  In  all 
sections,  there  are  constant  calls  for  rain  data  from  railroad  engineers, 
from  electrical  engineers,  and  from  mechanical  engineers.  These 
calls  are  now  generally  answered  by  letter  containing  the  data  desired. 
Could  not  such  data  be  preserved  permanently  by  publication  and 
made  to  serve  a  larger  clientele  ?  Again,  there  is  much  scattered 
information  in  the  possession  of  each  section  director  which  should 
be  published.  For  example,  the  fact  that  magnificent  crops  can  be 
grown  on  certain  soils  in  California,  with  a  rainfall  which  would  be 
considered  totally  inadequate  in  many  sections,  is  of  interest  to  every 
farmer  as  illustrating  the  fact  that  amount  of  rainfall  is  not  the  only 
matter  to  be  considered  in  connection  with  crop  yield.  The  character 
of  the  soil,  and  the  mechanical  action  in  the  soil,  may  be  of  almost 
equal  importance  with  either  the  intensity  or  frequency  of  rain.  In- 
formation of  this  character  is  just  what  intending  settlers  most  wish 
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to  know,  and  to  give  such  information  ie  a  proper  function  of  climate 
and  crop  work.  In  the  Year  Book  of  the  Department  for  1897 
inetances  are  given  where  certain  crops  are  grown  without  irrigation. 
In  southern  California  "  Less  than  an  inch  of  rain,"  says  Whitney 
(p.  432),  *'  falls  on  an  average  during  the  five  months  of  the  growing 
season  from  May  to  September." 

Furthermore,  an  interchange  of  data  between  climate  and  crop 
sections,  whenever  abnormal  or  unseasonal  conditions  prevail,  \ronld 
be  of  value.  Imagine  a  physician  about  to  send  a  patient  to  a  locality 
ordinarily  well  suited  in  the  matter  of  climatic  conditions  to  bring 
about  recovery.  If  the  patient  is  sent  thither  at  a  time  whea  abnor- 
mal conditions  prevail,  he  might  experience  the  very  conditions  he 
desired  to  avoid.  Such  abnormal  periods  happen.  In  California 
the  rainy  season— the  winter — was  almost  wholly  without  the  usual 
rain  in  1897-98,  and  the  coldest  weather  known  for  years  was  expe- 
rienced in  some  sections.  If  section  directors  were  in  a  position  to 
know  where  abnormal  conditions  are  prevailing,  physicians  consulting 
them  would  certainly  appreciate  the  importance  of  the  information. 

Finally,  there  is  room  in  every  bulletin  for  items  of  scientific 
interest.    Many  reprint  short  notes,  extracts,  etc.,  from  the  Monthly 
Weather  Review.    Could  not  some  plan  be  devised  whereby  standard 
matter  could  be  prepared,  and,  as  in  the  syndicated  articles  of  the 
daily  press,  illustrated,  if  necessary,  and  sent  to  the  various  sections  7 
To  make  this  more  plain,  imagine  an  article  on  frost,  properly  illus- 
trated with  half-tones  showing  effective  smudging  apparatus,  frosted 
fruit,  and  the  topography  of  frost  belts.    No  individual  director 
would  care  to  stand  the  expense  of  the  illustrations ;  but  if  made,  in 
quantity  and  distributed  among  twenty,  each  would  cheerfully  pay 
his  small  proportional  share.    Such  a  system  would  also  encourage 
directors  to  bring  forward  papers  showing  peculiar  climatic  condi- 
tions in  their  respective  sections. 

Some  one  may  say  that  work  of  the  character  described  is  now 
performed  by  the  Monthly  Weather  Review.  The  answer  to  this  is 
that  the  circulation  of  the  Monthly  Weather  Review  must  of  necessitjr 
by  restricted  to  three  or  four  thousand  copies.  The  combined  circula- 
tion of  the  monthly  bulletins  approximates  twenty-five  thousand  and 
is  constantly  increasing.  Furthermore,  the  readers  of  the  Monthly 
Weather  Review  are  different  from  the  readers  of  the  bulletins,  and 
what  is  suited  for  one  class  is  not  for  the  other.  The  fields  covered 
are  not  the  same. 

We  conclude,  then,  that  in  the  monthly  bulletins  we  have  the  meaofl 
for  the  successful  dissemination  of  valuable  climatic  data.  Can  we, 
by  cooperation,  improve  the  good  work  now  being  done  ? 


STUDIES  OF  OLIMATB. 
F.  J.  Walz,  Baltimore,  Md. 

It  is  very  likely  that  during  the  course  of  the  next  few  years  the 
directors  of  the  different  climate  and  crop  sections  and  State 
weather  services  will  undertake  the  preparation  of  monographs  or 
histories  as  a  basis  for  studies  of  the  climate  of  their  respective  sec- 
tions or  States.  As  far  as  I  know,  in  one  State  only,  has  such  a 
detailed  climatic  history  been  compiled  and  published  up  to  the 
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present  time.  I  refer  to  that  comprehensive  publication,  the  fourth 
biennial  report  of  the  Oregon  weather  bureau,  prepared  by  Director 
B.  S.  Pague.  It  is  well  known  that  valuable  articles  of  a  special 
nature  have  been  written  by  the  directors  of  the  climate  and  crop 
services  of  Texas,  California,  and  other  States ;  also  that  the  Michi- 
fian  State  Board  of  Health  has  utilized  meteorological  reports  in 
special  studies,  and  that  other  scientific  organizations  have  made 
special  investigations  based  on  Weather  Bureau  and  State  records. 
While  recognizing  the  importance  of  these  special  papers,  the  fact 
remains  that  the  Oregon  report  is  probably  the  only  sectional  pub- 
lication yet  issued  that  enters  fully  into  the  subject  of  climate  and 
meteorology  in  all  its  phases ;  in  other  words,  it  is  the  one  report  in 
which  can  be  found  not  only  a  comprehensive  climatic  history  of  a 
State  for  the  period  of  years  covered  by  meteorological  observations, 
but  also  a  digested  study  of  the  conditions  for  all  these  years  com- 
bined, togetheriwith  a  summarizing  of  the  climatic  features  thus  dis- 
closed, and  of  the  general  laws  that  must  determine,  to  a  greater  or 
less  extent,  the  climatic  history  of  the  State  in  years  to  come; 
finally,  and  probably  most  important  of  all,  the  arrangement  of  the 
data  contained-  in  the  report  is  such  as  to  provide  a  ready  basis  for 
the  preparation  of  special  studies  of  any  nature  related  to  or  de- 
pendent on  meteorological  or  climatic  conditions.  It  is  this  point 
in  particular  that  I  desire  to  bring  to  the  attention  of  the  Conven- 
tion. It  is  understood,  of  course,  that  no  reference  is  now  being 
made  to  the  weekly  and  monthly  publications  of  the  sections  or 
States ;  their  present  methods  of  issue  admirably  serve  as  a  concise 
record  of  current  events,  that  being  the  purpose  for  which  they  are 
prepared.  But  in  order,  however,  to  serve  wider  and  more  general 
purposes,  I  am  convinced  that  the  great  mass  of  climatic  data  now 
at  hand,  and  constantly  accumulating,  requires  still  other  forms  of 
combination  and  arrangement  to  bring  out  valuable  facts  and  laws 
now  hidden ;  that  is  to  say,  it  is  as  necessary  to  decide  upon  the  best 
methods  to  be  followed  in  compiling  meteorological  data  as  it  is  to 
collect  the  records  themselves. 

Imbued  with  this  feeling,  I  have  been  led  to  the  preparation  of  a 
model  or  outline  of  a  satisfactory  and  uniform  method  of  meteoro- 
logical and  climatic  compilation,  and  which  I  will  present  for  your 
consideration  and  discussion.  This  outline  is  somewhat  on  the 
lines  that  are  being  followed  by  the  Maryland  and  Delaware  Climate 
and  Crop  Service  in  a  publication  now  in  course  of  preparation. 
No  originality  is  claimed  for  the  plans  set  forth.  I  have  simply 
adapted  the  methods  found  in  various  treatises  to  my  ideas  of  the 
needs  and  demands  of  the  respective  sections  in  the  prosecution  of 
their  labors. 

As  a  prelude  to  the  plan  which  follows,  I  wish  to  say  that  the  words 
climate  and  meteorology  have  been  used  and  considered  throughout 
in  their  broadest  significance,  and  not  in  the  specific  snnse  frequently 
employed  by  specialists  in  their  several  lines  of  investigation.  Let 
us  consider,  for  the  present  at  least,  the  more  general  meanings  of 
these  terms,  allowing  the  special  relations  of  climate  to  soil,  health, 
plant  and  animal  life,  etc.,  to  be  brought  out  later  if  desired,  after 
the  firm  basis  for  these  special  investigations  shall  have  been  estab- 
lished by  our  primary  efforts. 

By  climate,  I  mean  the  summing  up  and  averaging  of  the  meteor- 
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ological  conditions  of  a  section  for  a  series  of  years,  together  iv^ith  & 
determination  and  study  of  the  average  and  extreme  departures  from 
these  average  conditions.  A  necessary  condition  in  this  conoection 
is  that  the  period  covered  by  observations  shall  be  Bu£5ciently  long 
to  largely  eliminate  from  the  averages  the  excessive  influence  that 
might  be  exerted  by  the  persistence  of  very  abnormal  meteoroJo^cal 
features  during  one  or  more  months,  seasons,  or  years.  A  trae  cli- 
matic history  can  in  this  manner  be  obtained,  and  studies  of  the 
relations  of  the  climate  to  human,  animal,  and  plant  life  may  then 
be  intelligently  carried  on. 

By  meteorology,  I  mean  the  observation  and  study  of  the  transient 
weather  elements  and  phenomena  as  produced  or  controlled  by  the 
passage  of  cyclonic  and  anticyclonic  areas  and  the  attendant  second- 
ary disturbances,  and  an  investigation  of  the  characteristics  of  the 
more  marked  types  of  weather;  that  is  to  say,  the  determination  and 
analysis  of  the  weather  elements  resulting  from  the  successive  forma- 
tion and  movements  of  these  areas. 

Having  thus  expressed  the  limits  within  which  I  have  thought  it 
most  desirable  for  our  purpose  to  confine  the  meaning  of  the  terms 
climate  and  meteorology,  and  with  the  understanding  that  it  ib 
within  these  limits  that  they  have  been  considered  in  the  preparation 
of  the  outline  given  herewith,  I  will  submit  the  outline  itself.  I 
indulge  in  the  hope  that  its  discussion  will  bring  forth  valuable  sug- 
gestions from  the  members  present,  many  of  whom,  through  long 
connection  with  the  climate  and  crop  work  and  an  intimate  acquaint- 
ance with  all  its  needs,  are  doubtless  better  qualified  than  myself  to 
deal  with  the  problems  considered  in  this  paper. 

OUTLINE    FOR  A   UNIFORM    METHOD   OF    METEOROLOGICAL  AND   CLIMATIC 

PUBLICATION   FOR   EACH   SECTION. 

INTBODUCTION. 

Historical  sketch  and  bibliography,  embracing  an  account  of  the 
various  meteorological  records  that  have  been  obtained  in  the  section 
or  State,  with  the  periods  covered,  and,  where  possible,  the  names  of 
the  observers.  An  account  of  the  various  stations  that  have  been 
established.  Also,  of  the  publications  of  all  kinds  bearing  upon  the 
meteorology  or  climate  of  the  section  that  may  have  been  issued  in 
or  pertain  to  the  section  under  discussion. 

An  enumeration  and  description  of  the  various  maps  and  charts 
that  have  been  issued. 

Establishment  of  and  work  done  by  organized  meteorological  and 
scientific  bodies  in  the  section,  such  as  the  National  Weather  Bureau, 
State  Weather  Services,  local  societies,  etc. 

INBTRUMBNTS. 

Descriptions  and  illustrations  of  the  ordinary  meteorological  instru- 
ments, especially  those  in  use  in  the  regular  Weather  Bureau  offices 
and  by  the  voluntary  observers. 

HBTBOBOLOGY  OB  WSATHBB. 

General  description  of  the  storm  movements  over  the  section: 
weather  types  and  characteristics ;  general  and  local  modifying  influ- 
ences; storm  frequency  and  intensity. 
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CUIIATB. 


(a)  Geography,  topography,  and  general  physical  features  of  the 
section  under  discussion ;  general  geology ;  distribution  and  kinds  of 
agricultural  soils. 

(6)  Meteorological  elements : 
Temperature — 

Mean  daily  (as  far  as  possible). 

Mean  monthly. 

Mean  seasonal. 

Mean  yearly. 

Average  monthly  and  annual  maxima. 

Average  monthly  and  annual  minima. 

Extreme  temperatures,  monthly  and  annual. 

Amplitude  or  range;  mean  daily,  monthly  seasonal,  and  ex- 
tremes. 

Variability  or  average  daily  change  for  the  single  months; 
also,  for  the  seasons  and  the  whole  year. 

Temperature  anomaly,  or  the  average  departure  from  the  nor- 
mal for  the  several  months  (and  seasons)  for  a  number  of 
years. 

Long  period  temperature  oscillations. 

Permanent  increase  or  decrease  in  temperature. 

Temperatures  of  evaporation,  or  wet  bulb. 

Number  of  days  with  temperature  of  freezing  or  below. 

Number  of  days  with  temperature  above  90^. 

Number  of  days  with  mean  temperature  above  42^. 

Advance  of  spring. 

Average  and  extreme  dates  when  ice  fofms  in  spring  and 
autumn,  and  the  number  of  days  free  from  ice. 

Frosts,  average  and  extreme  dates  of  first  and  last  light  and 
killing. 

Relative  frequency  of  cold  waves  in  winter  and  hot  waves  in 
summer. 

Influence  of  mountains,  valleys,  large  bodies  of  water,  etc.,. 
upon  temperature. 

PBECIPITATION. 

Total  amounts,  monthly,  seasonal,  and  annual. 

Excessive  amounts,  and  frequency  of  excessive  rainfall. 

Fluctuations  in  rainfall,  monthly,  seasonal,  and  annual. 

Long  period  fluctuations. 

Variability  or  departure  from  the  normal. 

Permanent  increase  or  decrease  in  rainfall. 

Average  number  of  days  with  precipitation,  monthly  and  annual. 

If  there  is  a  pronounced  rainy  season,  the  percentage  that  the 
rainfall  ocQurring  in  that  season  bears  to  the  total  for  the  year 
should  be  given. 

The  intensity  of  rainfall,  or  the  ratio  between  the  total  amount 
and  the  number  of  days  on  which  it  fell. 

Frequency  or  probability  of  rainfall,  by  months,  seasons,  and  year. 

Greatest  number  of  consecutive  days  with  appreciable  rainfall. 

Greatest  number  of  consecutive  days  without  appreciable  rainfall. 

Years  of  drought. 

Destructive  storms. 
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ThanderBtorms,  average  number,  and  time  and  region  of  f^reatest 
frequency. 

Influence  of  topography,  bodies  of  water,  etc.,  upon  the  rainfall. 

Hail. 

Snow. 

Dew. 

HUMIDITT. 

Relative  humidity. 
Absolute  humidity. 

CLOUDINESS. 

Number  of  clear,  partly  cloudy,  and  cloudy  days,  by  months  and 
for  the  year. 
Sunshine. 
Fog,  number  of  days  with. 

WINDS. 

Average  velocity. 

Prevailing  direction. 

Resultant  winds. 

Frequency,  or  average  number  of  times  the  wind  blows  from  each 
direction. 

Months  of  maximum  and  minimum  velocities  of  winds. 

Highest  velocity  of  winds. 

Wind  direction  most  likely  to  be  followed  by  rain. 

Wind  direction  least  likely  to  be  followed  by  rain. 

Local  winds,  such  as  mountain  and  valley  winds,  land  and  sea 
breezes,  etc. 

Hot  winds. 

Cold  winds. 

Foehn  winds. 

00NCLU8I0N. 

Summary  of  the  principal  features  and  main  characteristics  of 
the  climate  of  the  section  as  a  whole,  and  of  its  several  climatic 
divisions ;  also  a  table,  or  tables,  showing  a  brief  comparison  of  the 
climatic  conditions  of  the  section,  or  its  divisions,  with  selected 
places  in  the  United  States  and  other  parts  of  the  globe. 

Meteorological  and  climatic  problems  yet  obscure  or  undeter- 
mined, and  the  best  means  for  their  solution,  also  the  adaptation  of 
current  methods  of  work  to  that  end. 


VOLUNTART  STATIONS:  THEIR    OBJECT  AND   OOLLATHEULL 

PITNOTIONS. 

A.  J.  HiTcoBLL,  JaoksonTllle,  Fla. 

All  human  enterprises  at  their  inception  are  necessarily  crude,  and, 
possibly  for  this  reason,  it  is  but  natural  that  they  should  awaken  in 
the  hearts  and  minds  of  some,  a  feeling  of  incredulity,  but  with 
passing  time,  and  the  increase  of  the  knowledge  begotten  of  expe- 
rience, a  progressive  improvement  is  the  certain  result  of  a  liberal 
and  expansive  policy.  By  way  of  preface,  we  feel  that  these  remarks 
are  not  inapplicable  to  the  Climate  and  Crop  Division  of  the  Weather 
Bureau,  and  while  we  would  not  detract  one  iota  from  the  indispu- 
table importance  of  other  divisions,  yet  our  position  enables  us  to 
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Bpeak  with  a  riper  knowledge  of  the  duties  in  which  we  are  imme* 
diately  engaged.  It  is  presumed  that  one  of  the  primary  objects  in 
establishing  voluntary  meteorological  stations  was  to  collate  data,  and 
in  the  course  of  time,  deduce  reliable  normals  for  future  purposes. 
I  believe  it  is  conceded  that  it  will  require  about  forty  years  to  deduce 
an  absolutely  correct  normal— one  that,  in  the  general  average,  will 
compensate  for  all  irregularities  both  of  a  plus  and  minus  character. 
The  utilization  of  climatic  data  progresses  with  the  general  mastery 
of  reason  and  enlightenment  over  ignorance  and  indifference.  There 
is  scarcely  an  industry  in  any  State  which  would  not  be  more 
successfully  operated  by  studying  in  advance  the  indispensable 
climatic  elements,  heat  and  moisture.  The  importance  of  success  is 
such  that  the  provident  man  can  illy  afford  to  take  any  risk.  Closely 
pursuing  every  failure  stalks  the  specter  of  poverty  in  old  age,  gaunt, 
repulsive,  and  hideous,  yet,  in  many  cases,  a  monument  to  man's 
lack  of  circumspection,  and  his  failure  to  utilize  the  great  facts  made 
evident  by  the  development  of  science. 

That  we  may  more  forcibly  illustrate  our  position  let  us  take  the 
industry  of  orange  culture  in  northern  and  north-central  Florida, 
and  in  approaching  this  subject  we  wish  first  to  emphasize  the  fact 
that  there  is  not  a  State  in  the  Union  possessed  of  such  recuperative 
forces  as  Florida ;  although,  almost  in  the  lap  of  tropical  verdure, 
and  bordered  on  either  side  by  the  tepid  waters  of  gulf  and  ocean, 
there  is  a  limit  to  her  greatness.  We  can  not  grow  oranges  success- 
fully in  the  northern  part  of  the  State,  nor  will  a  residence  in  any 
portion  thereof  change  the  color  of  an  aspiring  black  man  to  the 
shade  of  his  white  brother.  However,  it  rains  alike  on  the  just  and 
the  unjust,  and  the  tender  plants  of  the  Christian  brother  enjoy  no 
special  immunity  from  the  uncharitable  touch  of  winter's  frost.  In 
the  absence  of  an  established  climatic  record,  emphasizing  the  possi- 
bility of  recurring  cold  waves  of  sufficient  severity  to  destroy  the 
orange  industry  over  northern  portions  of  the  State,  many  growers 
with  commendable  enterprise  but  faulty  judgment  failed  to  hearken 
to  the  suggestion  of  danger  to  the  orange  industry  north  of  a  certain 
parallel,  and  the  result  to  many  was  not  only  failure  to  realize  their 
expectations  but  a  marked  increase  of  liabilities  over  assets.  Although 
adventurous  orange  growers  may  sometimes  fail  to  give  necessary 
attention  to  vital  matters,  we  feel  confident  that  none  would  have 
ignored  established  climatic  statistics  and  recklessly  undertaken  to 
make  orange  culture  a  success  within  a  sphere  where  freezes  had  been 
frequent  and  sufficiently  severe  to  rob  the  enterprise  of  its  remunera- 
tion. Here,  then,  we  are  able  to  appreciate  the  great  importance  of 
the  records  now  being  compiled  by  the  various  sections  of  the  Weather 
Bureau.  Before  the  days  of  agricultural  chemistry,  soil  analyses 
were  deemed  an  ephemeral  myth.  The  ideal  farmer  was  supposed  to 
be  that  genus  homo  who,  with  more  muscle  than  brain,  was  an  adept 
at  logrolling  but  knew  nothing  of  the  chemistry  of  the  soil,  but  the 
advent  of  a  few  Secretaries  of  Agriculture  of  the  type  of  the  one  now 
directing  the  affairs  of  the  Department  is  rapidly  emancipating  agri- 
cultural classes  from  obsolete  and  profitless  methods. 

The  question  suggests  itself  then,  if  it  be  prudent  to  investigate 
soil  properties  before  seeding,  how  much  more  important  is  the  mat- 
ter of  seasonal  and  annual  normals  of  temperature  and  rainfall. 
Chemistry  can  supply  the  deficiencies  of  the  former,  while  irrigation. 


142 

a  decidedly  more  expensive  requisite,  can  alone  obviate  the    l&tter. 
Less  than  a  quarter  of  a  century  ago  we  knew  nothing  of  the  climatic 
conditions  characterizing  a  large  area  of  the  Transmississippi  coontrj. 
A  recognized  authority  had  given  the  opinion  and  styled  the  section 
alluded  to  as  an  arid  one,  but  later  we  find  climatic  statisticiaos  de- 
murring to  such  an  opinion,  and  instead  of  there  being  an  almost 
limitless  waste  of  barren  plains,  it  is  found  that  the  territory  ^rbera 
rainfall  is  insufficient  for  agricultural  purposes  is  indeed  limited. 
Years  ago  the  home  seeker  laid  out  his  itinerary  along  certain  parallels 
of  latitude,  and  generally  with  no  conception  of  the  climatic  condi- 
tions essential  for  the  purpose  and  objects  of  his  future  vocation. 
His  actions  were  governed  largely  by  necessity,  for  there  were  no 
official  sources  from  which  reliable  data  could  be  had.    How  differ- 
ent now,  for  once  each  day,  during  the  three  hundred  and  sixty-five 
of  each  year,  the  faithful  and  intelligent  voluntary  observers  are  re- 
cording the  maximum  and  minimum  temperatures  and  rainfall  over 
an  area  encompassing  3,602,990  square  miles. 

The  data  collected  by  the  Climate  and  Crop  Division  is  not  pro- 
vincial in  its  utilization.  A  recent  request  upon  my  office  for  a 
second  monthly  report  was  supplemented  by  the  statement  that  the 
original  copy  ''  had  gone  abroad — ^was  now  in  England  selling  land." 
So  we  see  that  these  reports  frequently  partake  of  the  nature  of  living 
apostles  and  distributors  of  information,  "are  as  bread  cast  upon  the 
waters  to  return  after  many  days." 

Numbers  of  controversies  arise  in  the  course  of  ordinary  business 
affairs  during  a  year,  an  equitable  decision  of  which,  without  re- 
course to  legal  tribunals,  is  frequently  arrived  at  through  the  medium 
of  local  voluntary  stations.  I  have  in  view  an  issue  between  a  rail- 
road corporation  and  a  merchant,  the  latter  bringing  suit  for  damaged 
goods.  The  railway  company  set  up  the  defense  that  the  damage 
was  caused  by  delayed  traffic,  due  to  heavy  washouts  on  the  road. 
Recourse  was  had  to  the  records  of  a  neighboring  voluntary  station, 
and  the  matter  was  amicably  settled. 

In  semitropical  sections,  statistics  of  rainfall  and  temperature 
greatly  enhance  the  investigations  of  the  entomologist  in  determining 
the  peculiar  conditions  essential  for  the  propagation  of  insect  life. 
Data  recently  furnished  from  the  records  of  voluntary  stations  opened 
up  this  line  of  investigation  in  Florida. 

To  emphasize  the  fact  that  all  industries  are  beginning  to  utilize 
the  records  of  the  Bureau,  a  recent  request  from  Grermany  for  rainfall 
statistics  from  a  certain  portion  of  Florida  will  fully  attest.  The 
applicant  was  interested  in  the  phosphate  industry,  and  wanted  to 
know  the  average  rainfall  during  what  is  locally  known  as  the  rainy 
season.  And  so  we  might  continue  the  citation,  showing  the  great 
work  being  done  by  one  division  of  the  Bureau ;  and,  in  conclusion, 
it  is  but  just  to  say  that  the  Weather  Bureau  is  a  great  storehouse  of 
information,  the  utilization  of  whose  data  is  only  limited  by  the 
knowledge  of  its  existence. 

SNO^W  AND  lOE  MEASUREMENTS. 
Hkbxahh  Volxxb,  St.  Paul*  Hinn. 

Having  occasionally  noticed  great  differences  in  the  depth  of  snow 
and  thickness  of  ice  reported  from  stations  at  no  great  distance  apart, 
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And  uuderstandiDg  from  personal  experience,  through  my  connection 
with  the  Central  Office  of  the  Weather  Bureau,  the  importance  attached 
to  this  subject,  I  venture  a  few  remarks  and  suggestions  upon  the 
«ame  with  a  view  of  improvement  in  the  present  method  of  measure* 
ments  and  consequent  greater  value  of  these  data. 

Remarks. — Snowstorms  generally  extend  over  a  much  larger  area 
JBLud  are  more  evenly  distributed  than  rainstorms ;  therefore,  a  rea- 
sonable agreement  in  the  depth  reported  from  neighboring  stations 
might  be  expected.  It  is  also  true  that  the  amount  of  snowfall  is  not 
influenced  by  the  conditions  of  city  and  country ;  but  it  is  a  well- 
known  fact  that  in  cities  snow  drifts  much  more  and  more  irregularly 
than  in  the  country,  and  that  evaporation  goes  on  more  rapidly  even 
At  temperatures  far  below  freezing.  In  northern  latitudes,  the  ground 
in  the  country  is  not  often  entirely  without  snow  cover,  after  the 
season  for  it  has  set  in,  but  in  cities  it  happens  repeatedly  if  the 
snowfall  is  light  and  at  long  intervals.  Such  measurements  of  the 
-depth  of  snow  on  the  ground  as  best  represent  the  true  depth  with 
itrhich  the  country  is  covered  in  general  are  most  valuable  to  the 
interests  for  which  these  data  are  recorded.  Telegraphic  reports  of 
«now  whose  depth  is  0.6  inch  or  less  are  published  in  the  snow  and 
ice  chart  as  "  trace."  Five-tenths  inch  is  considered  a  valuable  snow 
■cover,  especially  from  an  agricultural  standpoint ;  but,  except  when 
snow  is  actually  falling,  the  ground  is  usually  bare  in  many  places 
when  the  amount  is  less  than  0.3  inch. 

Where  possible  ice  is  harvested  from  lakes.  Ice  companies  clear 
away  the  snow  as  soon  as  the  thickness  of  ice  will  permit,  since  the 
presence  of  snow  greatly  retards  the  growth  of  the  ice.  They  make 
many  measurements  from  day  to  day  until  the  ice  harvest  commences, 
itfter  which,  of  course,  the  cuts  will  show  the  thickness.  The  thick- 
ness of  the  ice  from  which  the  crop  is  harvested  is  considered  to  be 
the  thickness  for  the  locality,  and  therefore  the  proper  amount  to  be 
recorded,  reported,  and  published. 

Suggestions. — Snow  measurements  to  be  exact  should  be  made  in  the 
•country ;  but  as  that  is  generally  impracticable  at  regular  Weather 
Bureau  stations,  they  should  be  made  as  far  out  in  the  suburbs  as 
possible,  in  places  least  exposed  to  drifting;  a  sufficient  number  of 
measurements  should  be  made,  and  at  reasonable  distances  apart,  to 
assure  the  observer  that  a  fair  average  of  the  surrounding  country 
has  been  obtained.  The  amount  that  fell  at  the  station  since  the  last 
measurement  should,  of  course,  be  added,  if  snow  is  falling  at  the 
•current  p.  m.  observations.  An  extra  word  should  be  added  to  the 
snow  code,  representing  from  0.3  to  0.7,  inclusive,  as  half  an  inch ; 
trace  should  be  represented  by  0.3  or  less. 

Ice  measurements  should,  when  possible,  be  obtained  from  local 
ice  companies,  and  from  the  spot  where  they  expect  to  harvest.  The 
■Central  Office  should  be  informed,  before  the  season  opens,  as  to  how 
and  where  snow  and  ice  measurements  are  obtained,  so  that  a  state- 
ment thereof  can  be  made  when  required  or  desired. 

I  believe  that  any  improvements,  such  as  mentioned  above,  will 
give  satisfaction  to  the  Bureau  and  to  all  interests  concerned,  and 
that  every  observer  will,  after  the  first  quarter  of  the  season  is  over, 
be  pleased  with  the  result  obtained,  in  the  better  agreement  of  the 
amounts  reported  from  neighboring  stations,  and  in  this  way  be 
•compensated  for  a  little  extra  effort  in  that  direction. 


3.  C.  FaEBT,  North  PUtta,  Nebr. 

I  will   maDtioQ  only  a  few  of  the  inQnmerable  1<  .i'     ' 
Weather  Bureau.     The  Bureau  is  of  great  importunci^  ;      * ' 
*  part  of  Nebraska,  where  the  climate  is  bo  vital  a  consid   -,t  ** 
tling  the  country,     I  am  aatiBfied  that  were  it  not  f-^r  ^*-- 
many  coaotiea  which  are  now  proBpering  uuder  the  ndv:>"*" 
fertile  soil  would  atill  be  prairie.     The  first  meeting  of  *'■■■ 
State  Irrigation  AsBociation  was  held  in  North  PlattP.  V"*-"- 
and  being  invited  to  speak  before  the  asBociation  on   th"    •-<> 
western  Nebraska,  I  stated  that  the  rainfall  was  noteiifKc<- 
ceBsful  farming,  and  that  irrigation  was  a  neceBsity.     'I'Uit   > 
has  been  fully  verified,  for  the  successful  farmer  of  to-clav  i. 
who  irrigates.     ThouBands  of  acres  of  land  are  now  imtrji   . 
Irrigation  was  not  practiced  a  few  years  ago. 

To  ahow  the  importance  of  the  precipitation  data  lo  in-:  : 
will  aay  thatit  is  only  a  few  days  ago  that  the  mayui  nf  \.     .: 
who  is  an  extensive  landowner,  requested  to  be  fiiniinii<->- 
rainfall  from  1875  to  1897,  and  had  me  certify  t<j  Hr-  .-    - 
before  a  notary  public.     The  diaseminatioo  of   iIul^  ,,. - 
the  Weather  Bureau  has  made  this  country  a  ros u*:    ....    - 
humanity.     By  personal  observation  I  can  eay  tlni;    . 
passes  at  this  time  of  the  year  but  that  a  sufferer  '"v   ...  „.   .— 
(sometimes  nearly  dead)  stops  at  North  Platte  in  I;  ■,■.  ... 
fited  by  the  dry  and  invigorating  air,  and  I  am  hnj.i) 
climate  improves  them. 


DEIVELOPMBINT  OP  THE  DAILT  WEATKhj. 

By  Bddab  B,  CU.TIBT. 

One  of  the  beat  known  features  of  the  work  of  Llii-  \' 
is  the  daily  weather  map  issued  to  the  public.  I  <" 
development  of  this  chart  from  the  primitive  our- 
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and  temperature,  state  of  weather,  wind  direction  and  velocity,  and 
precipitation,  but  no  isobaric  lines. 

The  manifold  method  was  dispensed  with  on  April  30,  1871,  and 
in  its  stead  a  brass  bed-plate  map  was  used,  on  which  all  the  cities 
from  which  reports  were  received  were  indicated  in  their  proper  posi- 
tions by  small  square  holes  mortised  in  the  bed-plate.  Steel  sym- 
bols, representing  the  eight  wind  directions  and  the  different  weather 
conditions,  were  placed  in  these  holes  so  as  to  form  a  printing  surface. 
Close  to  each  of  these  holes  slots  were  cut  into  which  were  set 
the  figures  showing  in  regular  order  temperature,  barometer,  and 
wind  velocity.  The  plate  so  prepared  was  placed  in  an,  ordinary 
proof  press  and  impressions  printed  therefrom.  Weather  forecasts, 
then  called  "  probabilities,"  and  a  synopsis  of  the  general  weather 
conditions  that  prevailed  within  the  area  represented  by  the  charts 
were  first  printed  on  the  maps  October  1,  1871.  These,  with  some 
changes,  have  continued  to  be  an  interesting  and  valuable  feature  of 
the  daily  maps.  The  barometer  and  temperature  lines  were  still 
omitted  from  the  charts,  but  on  October  30,  1871,  when  the  litho- 
graphic process  was  adopted,  the  isobars  were  added.  The  bed- 
plate was  not  entirely  dispensed  with,  as  impressions  were  still  taken 
from  that  on  prepared  paper,  the  highs  and  lows  and  lines  added  by 
hand,  and  the  whole  transferred  to  lithographic  stones.  On  April 
16,  1872,  the  isotherms  first  appeared  on  the  chart.  With  few  modi- 
fications from  time  to  time  in  the  kind  of  symbols  used,  number  of 
reports  indicated,  shaded  precipitation  areas,  etc.,  the  same  process 
has  continued  in  use  at  the  Central  OfSce  up  to  the  present  time. 

After  the  adoption  of  the  bed-plate  and  lithographic  process  by  the 
Washington  office  the  steel  dies  used  in  making  the  carbon  copies 
were  sent  to  a  few  of  the  stations  of  the  Bureau,  but  their  use  was 
very  limited. 

In  1876,  during  the  Centennial  Exposition,  an  attempt  was  made 
to  send  the  lines  of  the  daily  weather  map  by  means  of  autographic 
telegraphy.  The  chart  was  telegraphed  in  this  way  each  morning 
from  the  office  of  the  Chief  Signal  Officer  at  Washington  to  the  Sig- 
nal Service  Exhibit  in  the  Government  Building  at  Philadelphia, 
and  there  reproduced  and  distributed.  However,  this  scheme  was 
not  afterwards  continued  because  it  was  impossible  to  obtain  an 
exact  reproduction,  especially  at  great  distances. 

*  In  1879  a  contract  was  made  with  the  New  York  Graphic  for  print- 
ing a  weather  map  in  its  daily  issue,  and  the  first  chart  was  published 
on  May  9, 1879.  In  appearance  it  was  very  much  like  the  chalk-plate 
maps  now  seen  in  the  newspapers  of  some  of  our  large  cities,  but  the 
zincograph  method  that  was  used  in  preparing  the  plate  is  little 
known  or  used  at  the  present  time.  This  chart  was  first  drawn  on 
paper  with  copying  ink  and  then  transferred  to  a  metallic  base.  The 
lines  and  figures  were  then  carved  or  etched  in  this  metallic  base, 
which  was  used  as  a  mold  for  casting  the  plate  from  which  the  print- 
ing was  finally  done.  The  Graphic  continued  to  print  this  chart  for 
some  years,  for  which  service  the  Government  paid  $10  per  day.  In 
addition  to  this  about  $15  per  day  were  expended  for  the  material 
used  in  preparing  the  chart  and  for  telegraphing  reports  and  in- 
structions for  drawing  the  barometer  and  temperature  lines.  The 
work  of  telegraphing  the  lines  was  accomplished  by  means  of  a  let- 
tered and  numbered  diagram  covering  the  daily  map  at  Washington, 
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a  key  to  which  was  in  the  hands  of  the  observer  at  New  York.  Ai 
that  time  no  one  outside  of  the  forecast  official  in  the  Washington 
office  was  permitted  to  draw  barometer  and  temperature  lines  and  to 
locate  highs  and  lows. 

Prior  to  1886  charts  could  not  be  issued  from  stations   in   large 
quantities,  for  the  reason  that  there  was  no  process  whereby  thej 
could  be  prepared  speedily  and  without  great  expense.    It  was  not 
practicable  to  place  a  lithographic  plant  at  the  different  stations  of 
the  service.    In  1886  the  cyclostyle  method  was  tried  with  saccess. 
and  in  August  of  that  year  it  was  put  into  operation  at  the  New  York 
station.   .Within  the  next  few  years  it  was  introduced  ^nerallj 
throughout  the  service.    This  process  is  quite  simple,  and,  to  Bome 
extent,  is  in  use  at  the  present  time.    A  specially  prepared   stencil 
sheet  of  waxed  or  paraffined  paper,  not  unlike  parchment  in  appear- 
ance, is  tightly  stretched  on  a  hinged  frame  that  is  fitted  over  a  zinc 
bed-plate.    The  map  to  be  copied  is  placed  on  the  bed-plate  under 
the  stencil  sheet,  and  the  stations  marked  in  the  latter  by  means  of  a 
perforating  punch.    The  lines  and  figures  representing  the  tempera- 
ture, barometer,  wind  velocity,  etc.,  and  the  symbols  indicating  wind 
direction  and  state  of  weather,  are  cut  into  the  stencil  by  means  of  a 
peculiar  pen  that  consists  of  a  small  corrugated  or  milled  wheel  made 
to  revolve  freely.    The  corrugations  on  this  wheel  cut  into  the  stencil 
paper,  leaving  a  series  of  small  holes  through  which  the  ink  can  be 
lorced  by  means  of  a  regular  printer's  roller.     In  printing  off  each 
impression  it  is  required  that  a  blank  map  be  placed  on  the  zinc  bed- 
plate, the  frame  lowered,  and  an  inked  roller  passed  over  the  stencil. 
By  this  process  remarkably  clear  and  artistic  maps  were  often  made, 
depending  on  the  skill  of  the  person  preparing  the  stencil.     How- 
ever, there  are  objections  to  this  method  of  printing  the  weather  map, 
as  an  accident  at  the  beginning  of  the  issue  may  ruin  the  stencil  and 
render  it  impossible  to  make  further  prints  therefrom. 

In  1890  the  milliograph  was  substituted  for  the  cyclostyle,  and  it 
is  now  used  by  the  Weather  Bureau  in  nearly  all  work  where  a  sten- 
cil is  required.  This  process  differs  from  the  cyclostyle  only  in  the 
fact  that  the  stencil  sheet  is  placed  over  a  pad  thoroughly  saturated 
with  ink.  Impressions  are  made  by  a  dry  roller  passing  over  the 
blank  map  placed  above  the  stencil.  The  suivanliage  of  this  method 
over  the  other  is  that  the  tendency  to  break  the  stencil  is  reduced  to 
a  minimum,  and  a  certain  number  6i  legible  maps  always  can  be  ob- 
tained. However,  after  a  few  hundred  maps  have  been  run  off  by 
the  milliograph  the  copies  become  smeared  and  illegible. 

On  August  20,  1892,  there  was  published  in  the  Atlanta  Constitu- 
tion a  reproduction  of  the  weather  map  for  that  day,  and  each  day 
thereafter  the  current  weather  map  appeared  in  the  columns  of  that 
paper.  This  map  was  prepared  by  the  chalk-plate  process,  now  #ell 
known  and  much  used  in  newspaper  work.  A  preparation  of  chalk 
is  made  to  adhere  to  a  smooth  steel  Qlate,  forming  what  is  known  as 
the  chalk  plate.  With  a  sharp  steel  stylus  an  outline  of  the  map  of 
the  United  States  and  the  weather  data  is  drawn  through  the  chalk 
down  to  the  hard,  steel  surface.  The  plate  is  then  placed  in  a  cast- 
ing box,  into  which  molten  type  metal  is  poured.  The  hot  metal  fill* 
in  all  the  places  cut  by  the  stylus,  the  result  being  a  perfect  cast 
which  can  be  locked  up  in  a  newspaper  form.  When  the  work  is  well 
done  the  impressions  made  from  such  a  cast  are  sharp  and  distinct 
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Since  1892  many  of  the  large  newspapers  of  the  country  have  made  a 
feature  of  publishing  in  their  columns  the  daily  weather  map. 

In  1898  the  first  map  stencil  was  prepared  on  a  typewriter  at  the 
Minneapolis  station.  Since  that  time  several  stations  have  made  the 
stencils  in  this  way,  a  typewriter  with  special  characters  being  re- 
quired. A  few  months  ago  the  Chief  of  Bureau  directed  that  experi- 
ments be  made  with  a  view  to  determining  whether  the  small  charts, 
such  as  are  used  in  the  chalk-plate  process,  could  be  used  for  the 
typewriter  form.  The  results  have  been  satisfactory,  and  directions 
have  been  issued  to  gradually  substitute  these  small  charts  to  be  pre- 
pared on  the  typewriter  for  the  large  chart  issued  by  the  hand-stencil 
process.  This  will  result  in  not  only  a  more  legible  map,  but  in 
economy  of  expense  and  time,  as  but  one  small  stencil  will  be  re- 
quired. 

In  the  early  part  of  1896  the  present  chalk-plate  and  printing  pro- 
cess was  adopted.  It  does  not  differ  materially  from  the  method 
used  in  preparing  the  newspaper  map.  The  charts  printed  in  this 
way  are  eminently  satisfactory,  and  artistic  work  is  done  at  many 
stations.  An  unlimited  number  of  perfectly  legible  copies  can  be 
printed  from  the  plates.  On  account  of  the  great  first  cost  of  the 
stereotyping  apparatus  and  complete  printing  outfit,  priBss,  type,  etc., 
required  in  issuing  maps  in  this  way,  it  is  not  practicable  to  estab- 
lish printing  stations  at  any  except  the  large  offices.  Printed  maps 
are  now  being  issued  from  28  stations.  These  printed  charts  are  of 
much  smaller  form  than  the  old  station  issue,  being  about  16  inches 
long  and  11  inches  wide. 

In  a  comparatively  short  time  all  the  maps  issued  from  stations 
will  be  of  a  uniform  size,  either  in  the  printed  or  typewitten  form. 
The  following  table  shows  the  yearly  issue  of  the  weather  charts  : 


Fiscal  year. 


1887 
1888 
1889 
1890 
1891 
189» 


Nnmber 

of 
stations. 


Number  of  maps 
issaed. 


Annual 
total. 


81 
40 
89 
41 
68 
70 


Daily 
ayerage. 


Fiscal  year. 


Number 

of 
stations. 


Number  of  maps 
issued. 


176,387 

888,880 

869,027 

1,068,868 

1,198,899 

1,817,180 


480 
1,060 
8,855 
8,985 
8,880 
4,^60 


1898 

lotfV*  ■  •  •  • 

1886 

1896...  . 

1897  .... 

1898  .... 


Annual 
total. 


Daily 
average. 


74 

8,166.648 

78 

8,186,898 

76 

8,609,816 

77 

8,8(»,600 

80 

4,685,850 

84 

6,889,800 

5,985 

8,598 

9,890 

10,480 

18,600 

14,850 


•  It  is  seen  that  the  issue  of  the  daily  weather  maps  has  greatly 
increased  since  the  year  1886,  when  the  first  attempt  was  made  to 
supply  the  general  public  in  this  way  with  information  in  regard  to 
weather  conditions. 

Since  1870  there  have  been  several  changes  in  the  hour  of  taking 
the  observations  telegraphed  for  entry  on  the  forecaster's  chart  and 
the  daily  weather  maps,  a  corresponding  change  in  the  hour  of  issu- 
ing the  published  maps  being  necessary : 

Washington  time. — November  1, 1870,  to  August  25, 1872,  7:35  a.m., 
4:85  p.  m.,  and  11:85  p.  m. 

August  25,  1872,  to  October  31,  1879,  7:35  a.  m.,  4:35  p.  m.,  and 
11  p.  m. 

November  1,  1879,  to  December  31,  1884,  7  a.  m.,  3  p.  m.,  and  11 
p.  m. 
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Changed  to  seventy-fifth  meridian  time,  January  1,  1886  (differ- 
ence,  8  minutes). 

Seventy 'ffth  meridian  time, — January  1,  1886,  to  December  81,  1886, 
7  a.  m.,  8  p.  m.,  and  11  p.  m. 

January  1,  1887,  to  June  30, 1888,  7  a.  m.,  3  p.  m.,  and  10  p.  m. 

July  1,  1888,  to  date,  8  a.  m.  and  8  p.  m. 

From  the  date  of  issue  of  the  first  tissue  chart  by  manifold  pro- 
cess in  January,  1871,  to  July  1,  1888,  the  Washington  map  was  pnb* 
lished  thrice  daily,  although  the  charts  prepared  from  the  morning 
observations  were  the  only  ones  generally  distributed  to  the  public. 
From  July  1,  1888  to  September  30,  1896,  the  maps  were  issued  twice 
daily.  On  the  latter  date  the  p.  m.  chart  was  discontinued,  and  since 
that  time  there  has  been  but  one  daily  issue. 

It  is  not  possible  in  this  paper  to  state  in  detail  the  history  of  the 
station  charts.  For  a  number  of  years  they  were  published  twice 
daily  at  the  larger  stations  of  the  service,  but  it  was  found  that  in 
most  of  the  cases  one  issue  a  day  would  be  sufficient.  At  bnt 
few  stations  are  maps  now  prepared  for  general  distribution  both 
from  the  morning  and  evening  observations.  These  changes  do  not 
refer  to  the  manuscript  pencil  charts  prepared  at  forecasting  centers 
for  use  by  the  forecaster  in  making  twice-daily  predictions  of  expected 
weather  conditions,  and,  whenever  necessary,  warning  of  marine 
storms,  frosts,  cold  waves,  heavy  snows,  etc.  The  original  plan  of 
entering  with  pencil  the  data  for  each  observation,  whether  tridaily 
or  bidaily,  on  blank  tissue  charts  as  fast  as  received  over  the  tele- 
graph wires  has  never  been  changed.  The  maps  so  prepared  are  used 
almost  exclusively  for  forecasting  purposes  and  study. 

From  the  beginning  of  our  national  meteorological  work,  it  became 
apparent  that  the  daily  weather  maps  would  not  be  complete  without 
daily  reports  from  the  regions  north  and  south  of  the  United  States. 
It  was  not  possible  at  first  to  obtain  telegraphic  observations  from 
many  stations  in  the  United  States  west  of  the  Mississippi  River,  due 
to  the  absence  of  telegraphic  lines.  The  early  bulletins  contained 
data  from  Omaha,  Nebr.,  and  Cheyenne,  Wyo.,  reports  from  Corinne, 
Utah,  and  San  Francisco  being  added  about  January  1, 1871.  As  fast 
as  it  was  possible  to  do  so,  stations  were  located  in  every  section  of 
the  western  country,  keeping  abreast  of  the  march  of  progress  and 
civilization  as  the  electric  telegraph  brought  that  vast,  undeveloped 
country  into  close  touch  with  the  Eastern  States.  Efforts  to  obUiin 
daily  observations  from  the  regions  beyond  our  northern  boundary 
met  with  early  success.  On  November  13,  1871,  an  arrangement  was 
made  with  the  Canadian  Government  for  an  exchange  of  reports, 
whereby  the  meteorological  office  at  Toronto  would  telegraph  to  us 
their  observations  and  we,  in  turn,  give  them  such  reports  as  they 
desired.  This  cooperation  has  continued  up  to  the  present  time.  It 
has  resulted  in  vast  benefit  to  both  countries,  especially  since  stations 
were  located  in  the  British  Northwest  Territory,  where  most  of  our 
cold  waves  make  their  appearance.  By  means  of  observations  taken 
at  stations  in  the  United  States,  the  Canadian  Meteorological  Office 
is  enabled  to  forecast  the  numerous  storms  that  move  down  the  St. 
Lawrence  Valley  out  into  the  ocean. 

The  work  of  ot)taining  daily  reports  from  the  countries  and  islands 
to  the  south  of  us  proved  a  more  difficult  task.  Professor  Abbe 
makes  reference  to  this  subject  in  his  paper  which  appears  in  a 
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report  of  the  Meteorological  Congress  held  in  Chicago  in  1898.    He 

says: 

The  need  of  more  reports  from  the  West  Indies,  especialljr  during  the  hurri- 
cane season,  was  very  deeply  felt  in  1871,  *  «  «  bat  this  invasion  of  for- 
eign countries,  and  especially  the  transmission  of  cipher  dispatches,  presented 
many  objections  which  could  be  overcome  by  international  courtesy.  Three 
stations  were  opened  in  1872  and  began  to  report  in  August  or  September  of  1873. 
Three  more  were  opened  in  1874. 

General  Myer  and  General  Hazen,  during  their  administrations  of 
the  Signal  Service,  made  repeated  attempts  to  inaugurate  a  system 
of  reports  from  the  West  Indies,  but  with  discouraging  results.  In 
their  annual  reports  these  officers  referred  to  these  failures  and 
attributed  them  to  imperfect  arrangements  for  cabling,  incompetent 
foreign  observers,  and  lack  of  sufficient  appropriations. 

During  Greneral  Greely's  administration  of  the  weather  service  as 
Chief  Signal  Officer  arrangements  were  made  for  receiving  daily 
cablegrams  from  a  cordon  of  stations  in  the  West  Indies,  the  observa- 
tions being  made  by  native  observers  from  instruments  furnished  by 
the  United  States  Government.  On  account  of  its  great  expense  this 
plan  did  not  continue  long  in  operation.  It  gave  way  for  a  system 
whereby  special  observations  were  taken  and  cabled  by  native 
observers  whenever  conditions  indicated  the  presence  or  approach  of  a 
tropical  hurricane.  During  Prof.  M.  W.  Harrington's  administra- 
tion as  Chief  of  the  Weather  Bureau  provision  was  made  for  receiving 
special  observations  from  Yucatan,  in  Central  America.  The  value 
of  the  observations  from  the  West  Indies  and  Yucatan  was  demon- 
strated again  and  again  in  forecasting  destructive  hurricanes  approach- 
ing the  Gulf  and  south  Atlantic  coasts  of  the  United  States.  It  was 
not  until  the  summer  of  1898  that  the  complete  weather  map,  the 
dream  of  the  men  who  engaged  in  the  early  struggles  for  the  organi- 
zation of  the  National  Weather  Service  became  a  reality.  During 
the  recent  war  with  Spain,  when  the  scenes  of  naval  operations  were 
for  the  most  part  laid  in  the  waters  of  the  Caribbean  Sea  and  Gulf 
of  Mexico,  the  necessity  for  daily  observations  from  these  regions 
became  apparent.  Our  blockading  squadron  could  not  then  enter 
Cuban  harbors.  As  the  hurricane  season  approached  the  possibility 
of  our  fleet  being  scattered  and  seriously  damaged  by  one  of  these 
severe  storms  became  a  matter  of  serious  concern  to  the  President 
and  the  naval  authorities  in  Washington.  At  the  urgent  solicitation 
of  Honorable  James  Wilson,  Secretary  of  Agriculture,  Congress 
authorized  and  made  appropriation  for  a  meteorological  service  in 
the  West  Indies,  to  be  established  by  the  Weather  Bureau  under  the 
direction  of  the  President.  Trained  officials  from  the  regular  service 
of  the  Weather  Bureau  were  sent  to  man  the  West  Indian  stations, 
taking  with  them  complete  equipments  of  standard  instruments. 
Kingston,  Jamaica,  was  selected  as  the  temporary  headquarters  of 
the  new  service,  and  arrangements  were  perfected  for  cabling  the 
reports  twice  daily  to  that  place,  and  to  the  Central  Office  at  Wash- 
ington. On  August  11,  1898,  thirty-flve  days  after  Congress  author- 
ized the  service.  West  Indian  reports  were  entered  on  the  daily  weather 
map  at  Washington.  The  value  of  this  work  to  the  commerce  and 
shipping  of  all  nations  trading  with  those  islands  of  the  sea  was  soon 
demonstrated.  On  September  24,  1898,  the  Weather  Bureau  official 
at  Kingston  gave  warning,  to  all  ports  that  could  be  reached,  of  a 
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hurricane  that  proved  to  be  one  of  the  most  terrible  that  hci^  visited 
that  section  of  the  world  since  1861. 

It  was  also  in  the  summer  of  1898  that  successful  negotiatious  were 
made  with  the  Mexican  Telegraph  Company  for  an  exchange  of 
meteorological  reports.  Observations  from  four  Mexican  stations 
are  now  received  during  the  hurricane  season  and  entered  ou  the 
Washington  map.  It  is  intended  to  place  standard  American  instru- 
ments at  these  places,  so  as  to  make  the  reports  therefrom  thoroughly 
comparable  with  our  own. 

The  mechanical  appliances  for  producing  weather  charts  are  suffi- 
ciently perfect  to  meet  all  present  requirements,  and  the  area  covered 
by  the  daily  observations  is  great  enough  for  practical  forecast  pur- 
poses. It  is  now  possible  to  produce  the  charts  at  stations  in 
unlimited  quantities  and  in  legible  form. 


BSTABIilSHMBNT  AND  DTSPBOTION  OP  VOLUNTARY,   RIVEB, 

AND  OOTTON-BELT  STATIONS. 

J.  B.  Habbubt,  AtlantA,  Ga. 

Since  the  transfer  of  the  Weather  Service  of  the  United  States  to 
the  Department  of  Agriculture,  in  1891,  the  relationship  between  this 
service  and  the  agricultural  interests  of  the  country  has  grown  closer 
and  closer  each  year.  The  territory  covered  by  the  observations  now 
embraces  the  major  portion  of  every  State  and  Territory  in  the  United 
States.  The  development  of  the  National  Climate  and  Crop  Service 
has  been  far  more  rapid  than  its  most  sanguine  supporters  in  the 
beginning  dared  hope,  until  its  work  now  ranks  second  only  to  that 
of  making  the  daily  forecasts,  the  widespread  distribution  of  which 
is  made  possible  through  the  various  sections  of  the  National  Climate 
and  Crop  Service. 

This  branch  of  the  Weather  Service,  when  first  organized,  had  the 
active  cooperation  of  only  a  few  of  the  States,  but  the  importance  of 
the  undertaking  soon  manifested  itself  so  plainly  that  the  Weather 
Bureau  completed  the  work,  and  now  the  service  embraces  every 
State  and  Territory.  There  are  at  present  more  than  three  thousand 
voluntary  observation  stations,  whose  records  are  becoming  more  and 
more  valuable  in  the  formation  of  the  climatic  history  of  our  country 
as  the  period  covered  by  the  observations  is  lengthened.  These  records 
are  especially  valuable  to  the  farmer  and  others  interested  in  agri- 
cultural pursuits,  since  the  stations  for  the  most  part  are  located  in 
small  rural  towns  and  villages,  where  the  instruments  can  be  exposed 
near  the  ground,  free  from  the  many  artificial  influences  found  in  oar 
more  thickly  populated  cities.  The  conditions  of  the  atmosphere  thuB 
obtained  are  closely  allied  with  those  directly  affecting  plant  life. 

The  reports  from  our  voluntary  observers  form  a  most  important 
aid  to  the  student  of  climatology,  since  they  embrace  many  sections  of 
the  country  which  are  not  and  can  not  be  represented  by  the  regular 
paid  Weather  Bureau  observers.  To  be  of  the  fullest  value  it  w 
imperative  that  the  instruments  and  records  be  correct,  the  observa- 
tions carefully  and  accurately  taken,  and  the  best  possible  exposure 
be  given  the  various  instruments.  I  am  convinced,  by  personal 
experience,  that  nothing  can  contribute  more  toward  securing  reliable 
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and  accurate  observations  than  an  occasional  inspection  of  voluntary 
stations  by  the  directors.  It  is  certainly  very  important  that  the 
men  or  women  who  are  willing  to  freely  give  so  much  of  their  time 
and  labor  to  the  work  be  properly  instructed  in  the  very  beginning 
as  to  the  best  manner  of  performing  the  duties  required  and,  from 
time  to  time,  encouraged  by  a  personal  visit  from  the  director  who 
oould  thus  help  them  over  many  temporary  obstacles  much  easier 
than  by  letter.  These  visits  would,  I  am  sure,  not  only  increase  the 
accuracy  of  the  reports,  but  would  awaken  a  new  interest  in  the  work. 
We  all  need  a  little  encouragement  now  and  then,  and  when  given  in 
person  it  goes  a  great  deal  further  than  when  given  on  paper,  whiclf 
is  cold  and  unsympathetic  at  best. 

I  think  each  new  station  should  be  started  under  the  personal 
supervision  of  the  director  whenever  possible.  A  few  moments 
devoted  personally  to  instructing  one  of  no  experience  in  handling 
the  instruments  will  give  far  better  results  to  both  the  observer  and 
the  Bureau  than  many  letters. 

To  one  who  has  had  no  experience  with  a  self-registering  ther- 
mometer or  a  rain  guage,  it  is  a  difficult  matter  to  grasp  their  proper 
management  from  the  pamphlet  of  instructions  or  from  letters; 
especially  is  this  true  with  observers  who  are  men  of  limited  educa- 
tion, who,  when  they  see  the  instruments  for  the  first  time,  think  it 
impossible  for  them  to  master  the  situation  and  it  not  infrequently 
happens  that  it  is  only  after  the  utmost  persuasion  that  they  are  will- 
ing to  accept  the  position.  Many  of  this  very  type  often  prove  to  be 
most  valuable  observers. 

This  country  has  by  far  the  best  equipped  weather  service  in  the 
world  as  well  as  the  best  and  most  extensive  field  for  its  operations, 
and  it  should  certainly  be  made  of  the  greatest  practical  as  well  as 
scientific  value. 

The  expense  connected  with  the  inspection  of  the  voluntary  sta- 
tions would  be  small  when  compared  with  the  good  results.  With 
but  few  exceptions  the  railroads  throughout  the  country  would  will- 
ingly furnish  free  transportation,  so  that  the  only  expense  would  be 
for  meals  and  lodgings  which,  in  many  instances,  would  be  gladly 
furnished  by  the  party  visited.  It  seems  to  me  that  the  results  would 
far  more  than  counterbalance  the  outlay,  and  I  am  sure  a  marked 
improvement  would  be  seen  in  a  comparatively  short  time.  I  have 
talked  with  several  railroad  officials  on  this  subject,  and  each  one 
has  expressed  his  willingness  to  aid  in  every  way  possible. 

In  evidence  of  the  incorrect  exposure  of  the  instruments  that  often 
exists  I  will  cite  one  or  two  of  several  instances  that  have  come  to 
my  notice  during  the  past  few  years.  Upon  visiting  one  station  in 
Georgia  I  found  the  thermometers  attached  to  the  west  side  of  a  build- 
ing, and  the  only  obstruction  to  the  direct  rays  of  the  afternoon's  sun 
was  a  black  umbrella.  It  took  but  a  few  moments  to  remedy  this 
evil.  A  second  observer  had  his  thermometers  on  the  north  side  of 
his  house  as  required,  but  close  in  the  corner  where  the  chimney  to 
his  cookroom  joined.  The  instruments  thus  received  considerable 
artificial  heat  from  the  interior.  Another  had  his  thermometers 
hung  in  his  hall  and  would  open  a  door  at  either  end  a  few  minutes 
before  taking  an  observation.  I  have  little  doubt  that  many  similar 
experiences  have  been  met  by  some  of  the  officials  present  to-day. 

Two  other  classes  of  observers  needing  the  personal  attention  of 
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the  officials  in  charge  of  their  sections  are  the  river  and  the  cottoD- 
region  observers.  With  many  of  these  there  is  often  as  much  as  or 
more  trouble  than  with  the  voluntary  observers,  since  they,  in  many 
instances,  do  the  work  simply  for  the  money  consideration,  while 
with  the  voluntary  observer,  the  interest  he  has  in  the  subject  prompts 
him  to  use  the  utmost  care.  The  trouble  with  some  of  these  latter 
classes  is  due  as  much,  or  more,  to  carelessness  as  to  ignorance,  and 
they  need  a  little  instruction  now  and  then. 

It  would  probably  not  be  necessary  to  visit  these  stations  as  often 
as  once  a  year  except  in  rare  cases.  The  importance  of  correct  river 
(Jbservations  will  be  fully  recognized  when  we  consider  the  value  of 
the  data  in  determining  the  proper  location  of  water-power  plants,  as 
well  as  the  effect  of  floods  or  extreme  low  water  upon  commercial 
and  agricultural  interests. 

Water  power  has  always  been  recognized  as  the  best  and  cheapest 
means  of  running  stationary  machinery,  and  with  the  more  recent 
inventions  and  improvements  in  electrical  appliances  making  possible 
the  Ipng-distance  transmission  of  power  a  new  era  in  water-power 
development  has  been  brought  about.    It  is  rapidly  replacing  the 
earlier  methods  of  generating  electricity  for  lighting  our  cities  and 
furnishing  power  to  our  factories.     Under  the  old  methods  factories 
had  to  be  built  along  the  courses  of  the  streams,  but  there  is  no  longer 
any  such  need.    The  more  modern  plan  of  placing  the  generating 
plant  on  the  streams,  and  by  means  of  wires  transmiting  the  power  to 
any  point  where  it  is  needed  is  infinitely  better.    Capitalists  are  now 
erecting  these  plants  on  the  banks  of  many  of  our  rivers  and  water 
courses  to  furnish  light  and  power  to  adjacent  cities,  but  before  they 
are  willing  to  expend  their  money  they  naturally  desire  to  know  from 
official  statistics  all  about  the  flow  of  water  in  the  stream,  whether 
it  is  likely  to  give  sufficient  power  the  year  round,  or  whether  there  is 
danger  of  its  drying  up  at  certain  seasons.    In  short  they  want  to  be 
able  to  ascertain  the  discharge  of  the  stream  every  day  in  the  year. 
These  data  can  only  be  furnished  from  the  various  river  records.    It 
is  therefore  plain  that  these  records  should  be  carefully  and  accu- 
rately kept,  for  in  computing  the  discharge  at  different  stages  a  dis- 
crepancy of  a  few  inches  in  the  gauge  readings  will  cause  serions 
errors. 

Similar  reasons  exist  for  the  inspection  of  cotton,  corn  and  wheat 
region  stations,  but  it  will  be  impossible  and  unnecessary  to  give  them 
in  this  paper. 


STORM  SIGNALS  ON  THE  GREAT  LAKES. 

J.  H.  Cox,  Chioaco,  Ul. 

The  agitation  for  a  national  weather  service  originated  with 
Espy,  Redfield,  Loomis,  and  Henry  on  the  Atlantic  coast,  but  was 
soon  taken  up  in  the  Lake  region.  Owing  to  the  many  disasters 
which  overtook  vessels  during  stormy  weather  on  the  Great  Lakes, 
especially  on  Lake  Michigan,  Dr.  I.  A.  Lapham,  of  Milwaukee,  ad- 
vocated a  storm  warning  service  as  early  as  1S44.  In  a  letter  written 
in  1858  to  the  president  of  the  Detroit  and  Milwaukee  Railroad 
Company,  which  had  just  begun  to  operate  a  winter  service  of 
steamers  between  Milwaukee  and  Grand  Haven,  he  said  : 
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« 

One  of  the  greatest  difficalties  and  dangers  against  which  you  will  have  to 
contend  arises  from  the  sadden  stormwinds  which  so  often  and  so  unexpectedly 
put  the  sailor  upon  his  hardest  service  to  keep  his  vessel  from  shipwreck.  Dur- 
ing most  of  the  time  the  winds  on  the  lakes  are  light  and  not  unfavorable  to 
navigation,  but  after  a  number  of  days  of  fair  weather  a  sudden  and  often  un- 
expected change  occurs,  the  wind  hauls  around  toward  the  westward  and  blows 
for  several  hours  a  strong  gale.  On  the  ocean  such  gales  are  not  so  much 
dreaded,  for  there  is  sea  room  enough  to  enable  the  vessel  to  ride  out  the  storm, 
but  upon  the  lakes  it  is  often  only  oy  the  most  extraordinary  efforts  that  the 
vessel  can  be  kept  **  off-shore." 

It  was  mainly  throagh  the  agitation  of  Dr.  Lapham  and  Gen.  H. 
E.  Paine,  both  of  Milwaukee,  that  Congress  passed  a  resolution  in 
February,  1870,  creating  a  weather  service.  Immediately  after  its 
establishment  Dr.  Lapham  was  appointed  assistant  to  the  Chief 
Signal  Officer  and  was  assigned  to  the  Chicago  station  with  instruc- 
tions to  issue  storm  warnings  for  the  Lake  region ;  in  fact  "Chicago 
was  then,  as  now,  a  forecasting  center  for  the  lakes. 

The  first  dispatch  sent  out  from  Chicago  was  dated  at  noon  on 
November  8,  1870,  and  was  directed  to  be  bulletined  at  once  by  the 
observers  on  the  lakes.    It  was  as  follows : 

High  winds  all  day  yesterday  at  Cheyenne  and  Omaha  ;  a  very  high  wind  re- 
ported this  morning  at  Omaha  ;  barometers  falling,  with  high  winds  at  Chicago 
and  Milwaukee  to-day ;  barometer  falling  and  thermometer  rising  at  Chicago, 
Detroit,  Toledo,  Cleveland,  Buffalo,  and  Kochester ;  high  winds  probable  along 
the  lakes. 

Such  was  the  beginning  of  the  storm  warning  service.  The  warn- 
ings were  first  confined  to  advisory  messages,  then  to  storm  signals, 
afterwards  to  storm  and  cautionary  signals,  later  to  storm  and  in- 
formation signals,  until  at  present  forecasts  are  sent  to  all  lake  sta- 
tions daily,  in  addition  to  messages  ordering  the  hoisting  of  storm 
signals,  the  latter  being  issued  only  when  severe  storms  are 
expected. 

All  storm  signal  orders  are  verified,  each  station  having  its  own 
distinct  verifying  velocity.  These  verifying  velocities  have  been 
changed  from  time  to  time,  depending  upon  the  elevation  ani}  expos- 
ure of  the  anemometers.  A  proper  and  satisfactory  verification  of 
storm  signals  is  as  difficult  to  secure  as  a  satisfactory  verification  of 
ordinary  weather  forecasts.  For  purposes  of  comparison,  I  have 
taken  from  the  monthly  reports  of  storm  signals  of  the  nine  stations 
on  the  upper  Lakes  the  number  of  verifying  velocities  with  direction 
which  have  occurred  during  the  past  five  years.  The  minimum  veri- 
fying velocity  at  the  station  has  been  taken  as  the  basis,  ranging  from 
42  miles  at  Chicago  down  to  28  miles  per  hour  at  Marquette  and 
Green  Bay.  These  winds  occur  more  frequently  in  March  than  in  any 
other  month,  leading  with  14  per  cent,  February  and  April  follow^ 
ing  with  12  per  cent.  (See  Table  I.)  The  stormwinds  are  sporadic 
particularly  during  the  warmer  weather.  In  but  two  storms  during 
the  6-year  period  have  verifying  velocities  occurred  at  all  nine  sta- 
tions on  the  upper  Lakes,  and  in  but  16  storms  have  such  velocities 
been  reported  at  eight  stations.  If  the  force  of  storms  was  felt,  as  a 
rule,  equally  on  all  the  lakes,  and  the  existing  verifying  velocities 
were  relatively  exact,  all  stations  would  have  approximately  the  same 
number  of  such  velocities  during  a  period  of  years.  Yet  there  is  a 
great  difference  between  the  number  of  stormwinds  at  the  various 
stations,  ranging  in  five  years  from  317  at  Marquette  to  86  at  Grand 
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Haven.     (See  Table  11.)    While  there  may  be  reason  for  some  difftex-       \ 
ence,  it  is  impossible  to  believe  that  dangeroas  storms  are  foar  tin&ee 
as  f  reqaent  at  Marquette  as  at  Grand  Haven.    Topographical  featiunes 
play  a  most  important  part  in  the  force  of  the  wind  and  its  directioKi, 
often  permitting  winds  from  certain  directions  only.     (  See  Table  III.  > 
At  Duluth,  a  storm  velocity  from  the  east,  southeast,  soath,  or  west 
has  not  occurred  in  five  years,  while  the  percentage  of  northeast  to 
northwest  winds,  which  may  be  considered  on-shore,  was  83  per  cent 
of  the  total.    At  Marquette,  these  winds  are  mainly  from  a  sontherl]^ 
direction,  72  per  cent  being  off-shore.    At  Sault  Ste.  Marie,  the   per- 
centage of  northwest  winds  alone  is  77  per  cent;  at  Alpena,  the  per— 
centage  of  westerly  or  off-shore  winds  is  70  per  cent ;  at  Port  Huron, 
81  per  cent;  at  Milwaukee,  71  per  cent;  at  Green  Bay,  61  per  cent; 
at  Chicago,  66  per  cent  is  off-shore ;  but  Grand  Haven,  with  its  unu- 
sually small  number  of  stormwinds,  has  71  per  cent  of  them  from 
the  dangerous  or  on-shore  direction.     Of  the  nine  upper  Lake   sta- 
tions, six  have  70  per  cent  of  the  stormwinds  off-shore,  and  the  re- 
maining three  have  74  per  cent  of  these  winds  on-shore. 

The  great  percentage  of  northwest  winds  at  Sault  Ste.  Marie  is  re- 
markable, but  it  is  hardly  fair  to  consider  these  winds  entirely  on- 
shore, as  the  town  is  situated  on  St.  Marys  River  below  Whitefish 
Bay;  moreover,  the  velocity  of  northwest  winds  is  always  much 
greater  at  the  Sault  than  out  on  Lake  Superior.  In  fact,  the  wind  ve- 
locity at  that  point  from  the  northwest  is  so  great  that  it  is  always 
out  of  all  proportion  to  the  barometric  gradient.  There  is  no  donbt 
that  there  is  a  strong  suction  down  the  valley,  which  runs  from  north- 
west to  southeast,  and  the  wind  continues  high  from  Whitefish  Point 
down,  long  after  the  wind  on  the  lake  has  become  only  fresh  or 
light. 

At  Green  Bay  practically  no  high  winds  from  northeast  to  south- 
east occur,  which  is  due  to  the  high  clifPs  on  Limestone  Ledge,  situ- 
ated about  two  miles  to  the  east  of  the  station.  The  minimum  veloc- 
ity required  to  verify  signals  at  Chicago  is  42  miles  per  hour,  but 
when  t]^e  wind  exceeds  34  miles  from  the  north  or  northeast  for  a 
few  hours,  but  very  few  vessels  will  leave  port.  A  velocity  of  40 
miles  from  the  northeast  after  four  or  five  hours  will  absolutely  pro- 
hibit navigation  at  the  southern  end  of  Lake  Michigan.  Yet  a  south- 
erly wind  of  46  or  50  miles  per  hour  just  suits  vesselmen  going  north- 
ward. Captains  say  it  is  extremely  difScult  to  take  vessels  out  of 
Duluth  Harbor  after  the  wind  has  been  blowing  90  miles  an  hour 
from  the  northeast  for  a  few  hours,  but  that  a  46-mile  wind  from  the 
southwest  is  very  favorable. 

On  September  4,  1897,  the  writer  was  proceeding  westward  from 
Sault  Ste.  Marie  to  Marquette,  keeping  about  3  or  4  miles  from  shore. 
A  strong  southwest  wind  was  blowing  during  the  entire  day.  The 
records  at  Marquette  show  that  the  wind  averaged  from  30  to  32 
miles  an  hour,  which  is  a  storm  verifying  velocity.  Yet  on  account 
of  its  being  off  shore,  the  wind  had  no  appreciable  effect  upon  the 
boat.  The  captain  of  the  vessel  stated  that  an  on-shore  wind  with 
much  less  velocity  would  compel  him  to  seek  shelter  in  the  nearest 
harbor. 

In  answer  to  an  inquiry  from  me,  the  observer  at  Marquette  re- 
cently said: 

Southerly  winds  do  cause  our  register  to  record  higher  velocities  than  north 
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or  northwest  wiDds,  notwithstanding  the  high  ridge  of  hills  or  mountains  ex- 
tending east  and  west,  and  just  1  mile  soath  of  the  station.    I  have  given  this 
subject  a  good  deal  of  thought,  and  am  of  the  opinion  that  the  deficiency  of  wind 
movement  from  the  north  and  northwest  is  because  the  anemometer  is  only  10 
feet  above  the  crest  of  a  hill,  which  extends  east  and  west  and  is  located  about 
600  feet  north  of  the  station.    My  reason  for  this  presumption  is  that  captains 
coining  into  port  frequently  report  heavy  on-shore  winds  outside  the  harbor, 
while  within  the  city  the  wind  is  hardly  oO  per  cent  as  strong.    Presque  Isle  is 
3  miles  north  of  the  station  along  the  Lake  shore.    When  the  estimated  velocity 
is  SO  to  85  miles  northerly  at  that  point,  our  register  records  about  22  to  26  miles. 
I  will  request  an  extra  anemometer  at  an  early  date,  and  have  it  installed  at 
Presque  Isle  for  comparison  with  our  record.    I  believe  that  the  verifying  veloc- 
ity of  off-shore  winds  should  be  increased,  and  that  of  on-shore  winds  reduced. 
To  make  a  plain  and  unbiased  statement,  southerly  winds  are  no  impediment 
to  navigation  and  of  no  consequence  to  any  one,  even  though  attaining  a  velocity 
of  60  miles  an  hour  from  the  south,  as  occurred  September  21,  1893.    A  north- 
erly wind  of  17  miles  velocity  at  tne  station  in  three  hours  almost  prohibits 
navigation,  except  by  the  best  vessels,  and  a  22-mile  wind  for  four  hours  will 
have  filled  the  harbor  with  vessels  seeking  shelter,  including  such  vessels  as  the 
Norihwett  and  Northland. 

In  a  recent  communication  the  observer  at  Port  Haron  said: 

A  25-mile  wind  from  a  northerly  direction,  especially  from  the  north  to  north- 
east, causes  a  very  heavy  sea  at  the  southern  end  of  Lake  Huron,  as  the  wind 
has  a  long  sweep  down  the  Lake;  and  if  it  continues  blowing  any  length  of  time 
the  largest  vessels  lay  over  and  wait  for  the  sea  to  run  down.  Steamers  with 
other  vessels  in  tow  are  unable  to  make  any  headway,  and  their  officers  con- 
sider it  is  simply  a  loss  of  fuel  to  try.  Navigators  do  not  mind  a  30  or  40  mile 
southerly  wind  when  bound  up  the  Lake,  as  it  helps  them  along  in  their  course. 

On  February  20,  1898,  the  steamship  City  of  Traverse  left  St. 
Joseph,  Mich.,  bound  for  Milwaukee,  Wis.  It  encountered  nothing 
stronger  than  fresh  winds,  but  nevertheless,  the  vessel  within  an 
hour  after  leaving  port,  ran  into  a  tremendous  sea  from  the  north, 
due  to  a  gale  which  had  blown  the  day  before,  and  also  to  the  high 
winds  which  were  still  continuing  farther  down  the  lake.  The  cap- 
tain was  obliged  to  abandon  his  plan  of  reaching  Milwaukee  and  ran 
southwestward  to  Chicago  for  shelter,  having  nearly  all  the  movables 
on  board,  such  as  dishes,  broken  to  pieces.  The  inability  of  the  ves- 
sel to  proceed  on  its  course  was  due  entirely  to  the  tremendous  sea, 
as  it  actually  passed  through  no  strong  wind  whatever. 

The  question  of  sea  room,  referred  to  by  Dr.  Lapham  in  his  letter 
forty  years  ago,  receives  most  important  consideration  at  the  hands 
of  sailors  on  the  lakes,  when  on  the  windward  shore.  Whenever  pos- 
sible, captains  take  the  leeward  shore,  moving  along  under  its  protec- 
tion, oiFten  when  it  would  be  impossible  for  them  to  make  any  head- 
way on  the  opposite  side  of  the  lake.  It  is  of  almost  daily  occur- 
rence for  the  Chicago  weather  bureau  ofi&ce  to  advise  vesselmen  as  to 
what  course  to  follow  on  the  run  down  the  lake,  in  order  to  avoid 
on-shore  winds. 

It  is  surprising  what  little  effect  ofif-shore  winds  have  on  vessels. 
In  order  to  cause  a  high  sea,  the  wind  must  have  a  sweep  of  many 
miles.  It  is  the  heavy  sea  that  causes  so  much  trouble  to  shipmas- 
ters, as  a  gale,  unless  accompanied  by  heavy  seas,  is  not  to  be  feared. 
The  efifect  of  a  gale  is  more  easily  apparent  upon  the  fresh  water  of 
the  lakes  than  on  the  ocean,  where  the  water  is  heavier.  However, 
during  summer  squalls  of  short  duration  well  built  vessels  are  seldom 
troubled,  as  the  high  wind  must  continue  for  some  time  in  order  to 
make  a  sea. 
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It  is  not  strange  that  by  far  the  greatest  percentage  of  stonn winds 
is  from  a  southerly  direction,  as  the  most  common  track  of  storms 
over  the  upper  Lakes  is  directly  over  Superior,  causing  &    g^eoeral 
southerly  current  in  front  of  the  disturbance.    The  barometric  ^a- 
dient,  as  a  rule,  is  much  greater  in  front  of  such  storms  th&n  in  the 
rear,  so  that  when  the  wind  shifts  to  west  and  northwest  it  i&  gener- 
ally  with  less  velocity.    Moreover,  strong  southerly  winds    almoet 
always  occur  with  rapidly  rising  temperature,  the  thermal  gradient 
playing  a  most  important  part  in  the  production  of  such    ivinds. 
While  the  colder  northerly  winds  may  move  with  less  speed,  yet  the 
air  is  denser  and  the  momentum  or  striking  force  is  probably  there- 
fore greater.    In  this  connection  it  may  also  be  said  that  the  destruc- 
tive force  of  heavy  seas  upon  vessels  increases  as  the  temperature  of 
the  water  decreases. 

It  is  my  opinion  that  the  verifying  velocities  should  be  revised, 
increasing  in  nearly  every  case  the  verifying  velocity  of  off-shore 
winds  and  decreasing  that  of  on-shore  winds.  The  need  for  this  re- 
vision is  particularly  evident  at  such  places  as  Marquette,  Port  Hnron, 
and  Chicago.  Southerly  verifying  velocities  often  occur  at  Marquette 
in  connection  with  disturbances  moving  over  Lake  Superior,  which 
are  not  in  the  least  dangerous.  A  storm  verifying  velocity  should  be 
a  wind  which  is  actually  dangerous  to  shipping. 

By  supplementing  the  record  of  Marquette  with  a  wind  record 
at  Presque  Isle,  and  that  of  Sault  Ste.  Marie  with  a  record  at  White- 
fish  Point,  data  would  be  furnished  that  would  be  most  interesting 
and  valuable.  As  the  wind  record  at  the  Sault  is  not  a  fair  indica- 
tion of  the  wind's  force  on  Lake  Superior,  I  think  that  its  verifying 
velocity  from  the  northwest  might  with  good  reason  be  increased. 

Again,  it  might  even  be  advisable  not  to  assign  any  verification  to 
storm  signals.  Frost  warnings  are  not  verified,  though  the  writer  be- 
lieves that  it  is  easier  to  secure  a  proper  and  fair  verification  of  frost 
warnings  than  of  storm  signals. 

Table  I. — Percentage  of  verifying  velocities,  by  months,  for  each  station  on  the  upper 

lakes,  1893  to  1897,  five  years. 
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Table  11.— Total  number  of  verifying  veloeitiesfor  each  month  for  each  ttation  on  the 

upper  lakes,  1893  to  1897,  five  years. 
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NoTB.— The  months  In  which  no  wind-aignal  forms  were  prepared  are  estimated  in  both  tables. 

Table  III. — Percentage  of  stormtoinds  from  each  direction  for  each  elation  on  the 

upper  lakes,  1893  to  1897,  five  years. 
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CAN  LONG-RANGB  ^WEATHER  FOBBCASTS  BB  MADE  WITH 
ANY  DBGRBB  OP  AOOURAO  Y  OR  PROFIT  9 

A  B.  Cbane.  Pensacola.  Fla. 

Realizing  the  depth  of  the  subject  I  have  chosen  to  present  to  your 

notice,  and  my  inability  to  cope  scientifically  with  it,  I  beg  to  express 

the  hope  that  the  will  be  taken  for  the  deed,  and  the  few  practical 

points  enumerated  herein,  however  imperfectly  discussed  or  presented, 

be  acceptable  to  this  body  and  that  sharp  criticism  be  reduced  to  a 

minimum.    My  idea  is  to  encourage  the  study  of  the  subject  more 

than  to  lay  claim  to  theory. 

*  *  %  *  %  %  * 

The  question  is,  can  long  range  forecasts  be  made  with  any  degree 

of  accuracy  or  profit?    My  answer  is,  Yes,  and  No. 

******* 

It  seems  to  me,  therefore,  that  it  is,  as  yet,  unnecessary  to  go  out 
of  our  own  atmosphere  to  look  for  coming  changes  in  the  weather. 
For  years  the  most  distinguished  philosophers  have  made  efforts  to 
discover  even  periodic  recurrence  of  weather  changes  of  longer  and 
more  regular  intervals  than  those  between  successive  cyclonic  centers, 
which  are  known  to  be  of  weekly  or  bi-weekly  cycles ;  that  is  to  say, 
in  a  general  way  a  recurrence  of  similar  conditions  are  known  to 
exist  for  short  periods,  but  no  one  can  foretell  the  double  cyclonic 
or  anticyclonic  period  that  controls  or  will  control. 
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Yet  there  are  many  who  believe  the  moon  governs  the  i^eather: 
in  fact,  it  is  a  popular  belief,  but  nothing  has  been  discovered  to  bear 
the  test  of  comparison  except  in  a  slight  and  imperfect  manrier. 

I  will,  therefore,  now  take  up  that  portion  of  long-range  forecasting 
which  I  do  believe  in,  or  rather  have  reason  to  suspect  is  sasceptible 
of  improvement  so  that  it  can  be  put  to  practical  use.  This  relates 
to  cycles  in  weather. 

There  are  geographic  locations  that  receive  almost  regularly  tlieir 
quotas  of  weather  and  have  striking  climatic  characteristics.     We 
know  that  California  has  her  wet  and  dry  seasons ;  that  the  maximom 
rainfall  occurs  on  the  northern  coast  of  Washington,  amoanting  to 
slightly  over  100  inches  annually,  and  from  that  center  gradually 
diminishes;    that  the  reverse  (almost  and  proportionately)    is  true 
of  the  Gulf  and  Atlantic  sides,  of  course  with  few  local  exceptions: 
therefore,  it  is  not  a  hard  matter  to  look  for  rains  in  proportion  and 
in  season  for  those  localities  or  districts. 

The  long-range  forecaster  can  not  well  fail  here,  but  he  neverthe- 
less relies  upon^  and  has  access  to,  the  Weather  Bureau  records  in 
formulating  his  prognostications. 

Take  another  example:  In  a  country  where  there  are  no  moan  tains, 
there  is  little  rain.  The  floating  vapor  which  pervades  the  atmos- 
phere and  is  drifted  by  the  force  of  the  winds  requires  the  refrigerat- 
ing tops  of  lofty  mountains  to  gather  and  condense  it,  and  send  it 
back  in  showers  or  rains. 

For  generalized  districts  such  as  above  mentioned  we  can  readily 
understand  and  see  why  seasonal  climatic  changes  occur.  There  are 
other  localities  also  which  show  a  marked  periodicity  or  recurring 
types  of  weather.  One  point  in  particular  I  remember  is  Montgomerjf 
Ala.  For  that  place  a  graphic  cross-section  map  was  prepared,  show- 
ing the  daily,  monthly,  and  yearly  averages  of  temperature  and  precipi- 
tation, also  their  fluctuations.  For  several  months  the  dates  on  this 
chart  coincided  with  the  actual  normal  conditions  and  variations 
closely  enough  to  cause  comment  by  the  station  force. 

There  may  be  other  observers  who  have  found  similar  results,  and 
if  so,  it  would  be  well  for  them  to  make  a  further  study  of  the  matter. 

Now,  to  show  that  a  very  variable  result  may  follow,  and  in  about 
the  same  geographic  division,  I  will  state  that  I  made  a  similar  cross- 
section  map  for  Pensacola,  Fla.,  for  the  month  of  September,  and 
could  find  no  coinciding  periodicities  at  all.    The  maximum  tem- 
perature for  that  month  was  as  liable  to  occur  in  the  last  part  of  the 
month  as  the  first,  or  in  the  middle ;  the  minimum  showed  a  better 
agreement,  however,  and  likely  to  occur  sometime  in  the  last  decade^ 
although  it  once  occurred  as  early  as  the  sixth  of  the  month.    The 
rainfall  data  shows  no  agreement  whatever,  save  that  the  normal  or 
average  amount  is  4.80  inches;  that  11.64  inches  fell  in  the  year 
1880  and  0.32  in  1883 ;  that  one,  two,  or  three  years  in  succession  the 
rainfall   would  be  either  above  or  below  the  normal ;  and  that  the 
heaviest  falls  occurred  scattered  throughout  the  month.    The  wind 
data  shows  even  a  greater  disparity  in  comparison ;  the  mean  honrlj 
velocities  vary  considerably,  the  least  being  but  6.4  miles,  in  1886, 
and  the  greatest,  10.3,  in  1897.     The   maximum  velocities  ranged 
between  19  and  50  miles  per  hour,  blowing  from  al.l  directions,  and 
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without  any  recognizable  date  or  period  in  the  month.    The  only 

definite  sequence,  then,  was  that  the  lowest  temperature  of  the  month 

might  be  looked  for  in  the  last  decade. 

******* 

By  tabulating  the  data  it  will  be  found  that,  in  a  general  way, 
storms  of  considerable  severity  usually  occur  on  the  Gulf  and  Atlantic 
coasts  from  March  1  to  31,  and  also  in  the  autumn  anywhere  from  the 
middle  of  July  to  October  1.  This  much  meteorologists  know  and 
predict,  and  I  refer  to  the  forecasts  made  for  the  Hydrographic  Pilot 
Charts  of  the  North  Atlantic,  but  no  one  can  positively  assert,  or 
predict,  that  such  and  such  will  occur  on  such  and  such  dates  a  year, 
or  even  a  month,  in  advance.  *  *  *  Again,  one  may  predict  that, 
in  the  event  of  a  large  deficiency  in  rainfall  for  one  season,  that 
deficiency  will  he  made  up  or  counterbalanced  sooner  or  later, 
although  a  deficiency  may  exist  for  longer  than  one  or  two  seasons. 
In  fact,  such  was  the  case  at  Pensacola  last  year.  The  deficiency 
began  in  April  continuing  throughout  with  a  shortage  of  16.40  inches 
at  the  end  of  December;  even  during  the  next  year  there  was  a  gen- 
eral scarcity  of  rain  up  to  the  first  week  in  August,  when  rains  set  in 
and  a  total  of  18.58  inches  occurred,  breaking  the  record  for  the 
month,  and  to  a  large  extent  counterbalancing  the  deficiency.  I  feel 
confident  that  another  wet  spell  will  set  in  during  the  fall  and  early 
winter  which  will  compensate,  if  not  run  over.  But  I  can  not  say  at 
just  what  time  or  dates  it  will  occur.  *  *  *  The  wisest  long- 
range  forecaster  can  not  say  just  when  the  counter  action  will  take 

place. 

******* 

On  one  occasion  I  remember,  a  believer  in  the  romamcers  called  at 
my  office  for  some  information  regarding  the  weather  outlook.  I 
gave  it  to  him,  the  forecast  happening  to  be  for  fair  weather.  "  Why," 
he  said,  '^  that's  funny ;  Mr.  So  and  So,  the  weather  prophet,  says 
rain."  "  Well,"  I  replied,  "  the  funny  part  is  that  you  believe  in  the 
long-range  prophet."  In  this  particular  case,  as  in  several  others,  I 
purchased  the  prophet's  book,  and  sure  enough  there  it  was  in  plain 
English  calling  for  rain  on  that  particular  day,  when  as  a  majtter  of 
fact  the  weather  and  day  were  as  fine  as  could  be  wished  for.  The 
person  in  question,  at  my  solicitation,  turned  back  to  former  predic- 
tions, and  together  we  carefully  examined  the  records  to  verify  this 
prophet's  handiwork,  much  to  the  chagrin  of  the  unknowing  one,  for 
he  could  scarcely  find  a  day  on  which  the  conditions  agreed  with  the 
forecast. 

That  gentleman  left  the  office  a  wiser  man,  and  with  a  better  un- 
derstanding of  the  works  of  long  rangers,  as  well  as  a  higher  opinion 
of  the  Weather  Bureau.  From  several  verifications  of  this  class  of 
forecasts  I  have  been  unable,  with  liberal  construction  and  marking, 
to  find  any  that  run  over  40  to  60  per  cent  in  value,  and  oftentimes 
not  that  high.  This  sort  of  work  is  worse  than  useless,  and  utterly 
impracticable  for  business  purposes,  to  say  nothing  of  the  disadvan- 
tage it  is,  or  may  be,  to  business  people,  health  seekers,  builders,  and 
pleasure  parties.  A  uniform  standing  forecast  of  fair  weather  and 
stationary  temperature  will  yield  better  results,  or  at  least  give  a  per- 
centage of  nearly  75,  and  not  be  so  harmful. 

Now,  we  come  to  another  test  question.  There  is  no  going  against 
record  and  absolute  fact.    As  an  example  I  will  cite  that  severe  win- 
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ters,  or  rather  freezes,  in  the  State  of  Florida  occurred  in  the  follow- 
ing years :  1747,  1766,  1774,  1799,  1828,  1835,  1850,  1857,  1880,  1884, 
1886,  1894-96,  and  that  the  best  any  one  can  make  of  these  fig^ojes  is 
that  there  appears  to  be  seventeen  years  on  an  average  betvreeo  suc- 
cessive freezes,  but  note  the  disparity  between  the  years  in  the  w^hole 
time,  it  can  scarcely  be  made  into  or  called  a  cycle ;  the  shortest 
interval  is  four  years,  and  the  longest  twenty-nine  years.  Where  is 
the  long-range  forecaster,  or  "  prophet "  if  you  will,  that  cao  safely 
say  a  year  in  advance,  when  the  State  of  Florida  will  receive  her  next 
baptism  of  frigidity  with  its  disastrous  results. 

«r  «r  •  *  *  *  « 


Science  is  defined  as  consisting  simply  of  the  systematic 
ment  of  facts,  and.  more  facts  are  needed  before  the  artist,  however 
energetic  or  skilful,  can  unfold  that  intricate  study,  long^nnge 
weather  predictions. 


THE  WEATHER  AS  A  TOPIC  OF  CONVERSATION. 

A.  S.  Bbbhdi^,  Scluefferstown,  Pa. 

I  have  never  had  much  patience  with  that  quite  numerous  claas  of 
critics  who  are  in  the  habit  of  adverting  facetiously  to  the  keen  inter- 
est manifested  in  the  weather  by  many  people  in  farming  commnni- 
ties,  as  though  it  were  quite  ludicrous  for  any  one  to  select  as  a  topic 
for  conversation   the  present  and  prospective  effects  of  sunshine 
and  rain,  heat  and  cold,  wind  and  calm.    The  farmer,  it  seems  to  me, 
has  as  much  right  as  anyone  to  be  interested  in  what  pertains  to 
his  own  vocatton  in  life.    The  farmer  knows  best  why  it  is  that  he  is 
interested  in  the  weather.    It  is  inconceivable  that  he  should  be  indif- 
ferent to  what  lies  so  close  to  his  well-being.    Whether  the  season 
will  afford  a  proper  proportion  of  heat  and  moisture  to  mature  his 
crops  is  a  question  of  success  or  failure  with  him.    It  is  essential  to 
his  prosperity  that  there  should  be  neither  excessive  rain  nor  hurtful 
drought.     Consequently,  who  can  blame  him  if,  with  anxious  face,  he 
often  scans  the  skies,  or  if  he  chooses  to  regard  the  weather  as  a 
good  topic  for  conversation.    I,  for  one,  can  see  nothing  to  condemn 
in   so  reasonable  a  practice.    The  most  intelligent  men  in  eveiy 
country  believe  that  it  is  worth  while  for  the  National  Grovernment  to 
employ  specialists  carefully  to  study  the  weather  indications  and 
publish  forecasts  for  the  benefit  of  the  people  at  large.    It  is  right 
that  the  Government  should  do  this,  for  it  concerns  the  welfare  of  the 
whole  country.    Whether  we  are  willing  to  admit  it  or  not,  we  are  all 
more  or  less  interested  in  the  weather ;  and  it  is  certainly  no  laughing 
matter  if  people  see  fit  to  discuss  weather  facts  or  probabilities. 

Some  one  has  laid  down  the  canon  of  conversation,  that  people 
should  converse  of  what  they  understand  best  or  know  most  about, 
of  course  not  to  the  exclusion  of  everything  else,  but  within  reason- 
able limits.  If  that  canon  is  sound,  and  it  rests  on  good  commoD 
sense,  we  must  justify  the  farmer  when,  even  in  the  social  circle,  be 
speaks  by  preference  of  the  weather  and  his  crops.  And  who  will 
say  that  it  is  not  as  edifying  to  practical  mortals  to  discuss  the 
weather  as  any  other  topic  in  the  whole  range  of  human  contempla- 
tion? The  merits  or  demerits  of  the  latest  work  of  fiction  or  of  the 
most  approved  system  of  metaphysics  are  trivial  questions  as  com- 
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pared  with  one  which  inyolves  the  very  existence  of  the  whole  human 
family. 

The  most  learned  investigator  of  natarecan  not  consider  it  beneath 
his  dignity  or  unworthy  of  his  attention  to  study  the  laws  that  in 
their  ever-varying  combinations  bring  about  the  various  meteorologi- 
cal conditions  and  changes.  Those  who  think  that  the  subject  is 
only  worthy  of  the  rustic  and  the  boor  are  miserably  mistaken,  and 
all  their  ill-timed  jibes  and  flings  recoil  upon  themselves. 

The  subject  has  its  poetic  side,  too.  The  phases  of  the  weather 
represent  the  varying  moods  of  Nature,  the  mother  of  us  all.  She 
smiles  in  the  genial  sunshine  and  weeps  in  the  summer  rain ;  she 
whispers  in  the  gentle  zephyr  and  threatens  in  the  lightning's  flash ; 
her  frown  is  in  the  thunder-cloud,  and  her  benediction  in  the  spark- 
ling dew  drop.  To  be  indifferent  to  the  weather  is  to  be  indifferent 
to  the  moods  of  Nature  herself. 


DISTRIBUTION  OF  FORECASTS  BY  MAIL. 

P.  F.  LTom.  St.  Paul.  MlnD. 

In  compliance  with  a  circular  letter  from  the  Climate  and  Crop 
Division  of  the  Weather  Bureau,  dated  July  9,  1897,  the  following 
method  of  locally  distributing  uuaddressed  cards,  weather  forecasts, 
and  maps  by  mail  was  introduced  at  this  station,  August  9, 1897,  and 
extended  February  10,  1898,  so  as  to  include  the  weather  maps. 

The  initial  arrangements  with  the  local  postal  officials  consisted  in 
preparing  lists  in  triplicate  of  the  addresses  in  the  respective  letter- 
carrier  routes,  of  those  entitled  to  service,  and  supplying  two  copies 
of  each  to  the  superintendent  of  carriers,  who  in  turn  supplied  each 
carrier  concerned  with  one,  giving  necessary  instructions  as  to  its 
use,  the  superintendent  retaining  the  others  for  reference  and  use 
in  case  of  confusion  or  loss  of  those  in  the  possession  of  the  car-, 
riers ;  the  third  set  was  filed  at  the  station,  and  on  it  the  additions, 
transfers,  or  other  changes  that  may  be  made  by  Postal  or  Weather 
Bureau  officials  are  duly  noted. 

The  postmaster  at  first  thought  that,  in  order  to  comply  with  law, 
it  would  be  necessary  to  put  a  number  on  each  unaddressed  card  cor- 
responding to  the  carrier's  number  who  was  to  deliver  it,  and  then 
have  all  deposited  in  the  mail  box  for  assortment,  the  same  as  ordi- 
nary mail.  I  concluded  that  but  little  labor  in  preparation  of  cards 
and  no  time  in  their  delivery  would  be  saved  in  that  way ;  he  next 
agreed  to  try  the  method  of  putting  the  cards  intended  for  the 
respective  carriers  in  bunches,  and  putting  a  number  on  the  outside 
one  corresponding  to  that  of  the  carrier  who  was  to  deliver  it,  and 
then  have  all  deposited  in  the  mail  box  for  assortment;  but  even 
then  there  was  some  time  lost,  for  the  matter  had  to  be  reasserted, 
or  had  to  go  through  other  hands  before  reaching  the  carriers; 
finally  we  arranged  to  have  the  packages  transferred  direct  from  the 
Weather  Bureau  to  the  carriers'  room,  in  which  is  a  large  set  of  pigeon 
holes  or  carriers'  boxes,  each  of  which  has  a  number  corresponding 
to  that  of  the  carrier  whose  package  it  is  intended  to  hold.  The  pack- 
ages of  cards  are  arranged  at  the  Weather  Bureau  office,  and  taken 
directly  to  the  carriers'  boxes  by  our  station  force  almost  invariably 
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about  10  a.  m.,  or  in  ample  time  for  delivery  throagh  the  busineee  por- 
tion of  the  city  before  12  noon  of  each  day.  By  the  old  method,  tkf 
delivery  could  not  possibly  be  made  before  2  or  3  p.  m.  of  each  day 
'  With  the  view  of  fu^rther  reducing  time  and  labor,  I  suggested  to 
the  Buperiuteudent  of  dEtrriers  that  all  cards  and  maps  be  made  up  in 
a  single  bunch,  and  then  taken  by  the  station  force  to  a  place  in  the 
post  office  designated  expressly  for  them,  and  that  each  carrier,  as  h^ 
prepares  to  start  over  his  route,  go  to  the  designated  place  and  help 
himself  to  the  number  required ;  but  the  answer  was,  '*  that  would  be 
contrary  to  rules  or  regulations,"  and  could  not  be  agreed  to. 

Suggestions. — Clould  not  such  rules  or  regulations  be  modified  br 
the  Post  Office  Department,  at  request  of  the  Department  of  Agricul- 
ture or  other  officials  empowered  to  act,  so  that  the  sugg^estion,  or 
something  similar  made  in  the  preceding  paragraph,  may  be  applied 
to  the  mail  matter  in  question ;  but  there  may  be  objections  on  the 
ground  that,  where  a  carrier  has  a  large  number  of  addresses  on  h\& 
list,  it  would  tax  his  time,  etc.,  to  count  out  the  necessary  namber. 
Very  well,  grant  that;  but  there  are  a  large  number  of  carriers  wh(m 
lists  call  for  but  from  one  to  five  cards  or  maps,  and  it  seems  that  it 
would  be  no  extra  trouble  to  them  to  go  to  the  common  pile  where, 
no  doubt,  they  would  find  the  cards  or  maps  placed  as  proposed  and     1 
help  themselves.  ^ 

There  are  67  postal  carrier  routes  over  which  cards  or  maps  are 
distributed  from  this  station,  consequently,  that  number  of  packages  i 
mtlst  be  prepared  and  put  in  place  at  the  post  office  for  distribatioo 
daily;  but  the  above  statement  applies  only  to  the  card  forecasts; 
there  is  a  second  delivery  of  maps,  but  of  which  no  carrier  delive/9 
inpre  than  three  at  a  time,  and  in  such  cases  surely  it  ought  to  be  as  \ 
easy  for  him  to  help  himself  from  the  pile  as  to  get  the  maps  from 
special  boxes. 


UnijITY  OP  HYGROMBTRIO  OBSERVATIONS. 
Abthub  PnrmLL,  M.  B..  Kansas  City,  Mo.,  and  Prof.  H.  A.  Hasbit,  Washlnirton,  D.  C. 

Mr.  Pennbll.  I  have  been  investigating,  for  the  last  two  years  or 
more,  methods  for  utilizing  the  hygrometric  properties  of  the  atmos- 
phere for  condensing  exhaust  steam,  ammonia,  etc.,  in  localities 
where  water  is  either  scarce  or  expensive. 

In  obtaining  the  necessary  data,  the  United  States  Weather  Bureau 
has  been  my  principal  source  of  supply,  and  must  be  so  to  others 
engaged  in  similar  lines  of  research. 

In  many  manufacturing  lines,  an  intelligent  use  of  this  hygrometric 
data  would  show  some  quite  surprising  economical  results.  For 
example,  in  the  meat-packing  business.  The  carcasses,  after  being 
dressed  on  the  killing  floor,  are  run  into  chill-rooms  to  have  the  tkui' 
mal  heat  abstracted  and  the  temperature  reduced  to  about  38®  F.,  or 
below  this  point  by  artificial  refrigeration.  This  operation  entails* 
shrinkage  averaging  2  per  cent  of  the  weight.  This  is  due  to  the 
evaporation  from  the  meat  of  that  weight  of  moisture. 

As  now  carried  on,  each  1,000  pounds  of  beef,  for  example,  gives  on 
38,000  thermal  units.  The  above-mentioned  moisture  congeals  on 
the  coils  of  the  refrigerating  plant  in  the  shape  of  hoar  frost  andh«' 
to  be  swept  away  from  time  to  time. 
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Were  the  meat,  on  its  way  to  the  chill-room,  to  travel  slowly  down 
an  alley  ap  which  a  strong  draft  of  air,  at  the  local  average  tem- 
perature of  65^  F.  and  a  dew-point  of  44^  F.  was  passing,  the  con- 
densed moistare  above  mentioned  would  evaporate  at  the  expense  of 
the  animal  heat  and  be  carried  off  into  the  atmosphere,  thus,  of  itself, 
reducing  the  temperature  of  the  meat  to  about  60^. 

The  meat,  thus  cooled  down,  would,  on  reaching  the  chill-room, 
only  require  about  16,000  thermal  units  to  reduce  its  temperature  to 
37^.  Thus,  the  amount  of  artificial  refrigeration  needed  would  be 
only  about  42  per  cent  of  that  which  is  now  required. 

Even  in  hot,  humid  weather  in  summer,  which  is  the  most  disad- 
vantageous, the  required  percentage  of  artificial  cooling  would  not 
rise  above  80  per  cent  of  that  now  required,  while  in  cooler  weather 
it  would  sink  to  zero.  In  order  to  safely  accomplish  this  economy, 
the  operator  would  have  to  know  the  temperature  and  dew-point  of 
the  atmosphere,  and  regulate  the  time  of  exposure  and  volume  of 
draft  accordingly. 

In  my  own  particular  line  I  cool  warm  water  by  its  own  partial 
evaporation  into  the  atmosphere,  and  utilize  the  cold  for  refrigerating 
plants,  manufacture  of  ice,  cold  storage,  etc. 

In  order  to  congeal  water,  it  is  very  certain  that  the  heat  it  con- 
tains must  be  abstracted  from  it  and  disposed  of  by  some  natural 
process,  practicable  even  in  the  hottest  summer  weather.  This  is 
generally  effected  by  pumping  large  quantities  of  water  out  of  wells 
at  an  average  temperature  of  probably  60^  and  passing  it  over  ammo- 
nia condensers,  thereby  heating  it  to,  say,  90^,  and  then  running  it 
off  to  waste.  Each  pound  of  water  takes  up  30  thermal  units  on  its 
trip.  A  ton  of  refrigeration  calls  for  284,000  such  thermal  units. 
Consequently,  at  least  9,464  pounds  of  water  must  be  pumped  for 
each  ton  of  refrigeration.  In  practice  about  50  per  cent  more  is 
required. 

There  are  many  places  where  refrigeration  is  desired  and  where 
water  is  either  scarce  or  expensive.  In  such  cases  recourse  must  be 
had  to  atmospheric  evaporation.  All  the  different  devices  to  effect 
this,  my  own  among  the  number^  work  on  precisely  the  same  principle 
that  a  splash  of  water  on  a  hot  pavement  shortly  evaporates  into  air 
at  the  expense  of  the  heat  in  the  pavement.  The  hotter  the  pave- 
ment the  quicker  the  action ;  also,  the  drier  the  air  and  brisker  the 
breeze  the  quicker  the  action. 

I  use  a  tower,  galvanized-iron  clothing,  and  an  iron  skeleton,  into  the 
lower  part  of  which  the  warm  water  is  driven  in  a  very  fine  spray  from 
the  center.  The  spray  fills  the  lower  part  of  the  tower,  up  which  a 
current  of  air  is  passing,  either  induced  by  natural  draft  or  forced 
by  a  fan.  The  spray  consists  of  very  minute  globules,  the  surface  of 
which  vaporize  into  the  air  at  the  expense  of  the  heat  of  their  interior. 
The  spray  strikes  the  periphery  of  the  tower,  trickles  down,  and  falls 
into  a  catch-basin  below,  and  can  thus  be  used  over  and  over  again. 
In  designing  such  a  tower,  it  is  necessary  to  know  the  highest  tem- 
perature the  atmospheric  dew-point  ever  attains  in  the  locality  and 
the  temperature  by  the  dry-bulb  thermometer  when  that  maximum 
dew-point  occurs.  The  volume  of  such  air  required  to  reduce  the 
temperature  of  some  given  weight  of  warm  water  to,  say,  10°  above 
the  dew-point  can  then  be  determined,  and  the  tower  designed 
accordingly. 
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in  the  middle  had  been  opened,  and  that  coal  hole  was  belching  forth 
fire  and  amoke  from  the  furnace  beneath.  In  the  farnaceap{>e&red  the 
head  and  shoulders  of  our  late  lamented  forecast  ofiicial.  In  bis  left 
hand  he  held  a  sheet  of  asbestos,  and  in  his  right  a  piece  of  charcoa]. 
and  he  had  just  written  a  forecast  of  a  cold  wave  for  *'Hell  and 
vicinity."  Now,  here  is  where  the  unfeeling,  unsympathetic  editor 
wreaked  vengeance  on  the  Weather  Bureau.  He  said :  "  P.  S. — ^This 
forecast  of  a  cold  wave  for  Hell  and  vicinity  is  just  as  likely  to  be 
verified  as  were  any  of  those  made  by  the  deceased  for  this  city.*' 

Now,  gentlemen,  the  press  is  a  most  important  factor  in  the  work 
of  the  Weather  Bureau.  How  could  we  reach  the  great  public  with- 
out the  dissemination  of  our  information  through  the  press  ?  It  haa 
been  my  experience,  for  many  years,  that  the  press  is  inclined  to  l>e 
a  little  more  than  fair  with  the  ofiicials  of  the  Weather  Bureau.  It 
is  inclined  to  be  a  little  more  than  fair  with  every  public  official. 
There  may  be  isolated  exceptions,  but  a  man  should  not  be  too  sen- 
sitive to  criticism.  Every  public  official  should  feel  that  it  is  legiti- 
mate for  the  newspapers  to  criticise  his  public  actions.  It  is  by  that 
criticism  that  the  public  service  is  improved  and  the  public  welfare 
conserved.  I  would  say  to  you,  without  digressing  too  macfa,  that 
you  should  not  take  offense  when  the  newspapers  of  your  vicinity 
have  a  little  fun  with  you. 

(jentlemen,  we  have  with  us  to-night  one  of  the  most  distinguished 
editors  of  the  United  States — a  man  who  has  made  his  power  for  good 
and  his  influence  for  purity  in  public  life  and  for  honesty  in  the  ad- 
ministration of  public  pfiSce  felt  throughout  the  length  and  hrendtb 
of  this  land.  I  never  saw  him  until  about  six  weeks  ago  when  he 
came  to  Washington  to  assist  in  arranging  for  this  grand  Peace 
Jubilee,  but  I  knew  him,  and  we  all  knew  him  by  reputation.  I  have 
the  pleasure  of  introducing  to  you  the  Hon.  Edward  Rosewater,  editor 
of  the  Omaha  Bee. 

Mr.  Rosewater.    Mr.    Toastmaster    and    Gentlemen    of   the 
Weather  Bureau  :     It  was  perhaps  a  rather  singular  freak  on  the 
part  of  your  toastmaster  to  ask  me  to  turn   the  searchlight  of 
publicity  on  the  weather  service  and  the  Weather  Bureau,  and  I 
realize  that  the  men    who  deal   in  futures  in   that  Bureaa  will 
feel   a  little  perplexed   as   to  what  is  coming.    Before  we  enter 
into  a  discussion  of    futures,   however,  let    me    digress    a    little 
bit    to    the    past.      I    was   the    first    Weather    Bureau    observer 
west  of    the    Missouri    River    [applause].      Away  back   in   '63  I 
was  requested    by  Professor  Henry  of    the   Smithsonian,  when  I 
became  located  here  at  Omaha,  to  make  a  report  from  time  to  time 
on  the  weather  conditions  between  Omaha  and   Salt  Lake    City. 
Well,  there  is  nothing  remarkable  in  that,  particularly,  for  I  was 
manager  of  the  Pacific  Telegraph  [applause]  and  I  had  observations 
made  and  recorded  every  day  at  Omaha,  at  Julesburg,  at  Fort  Lara- 
mie, Fort  Bridger,  and  Salt  Lake  City ;  and  these  were  telegraphically 
reported  at  given  hours,  three  times  a  day,  and  recorded  in  a  book 
which  I  kept,  right  here  in  Omaha. 

Let  me  digress  a  little  further,  perhaps,  and  give  you  some  facts 
regarding  the  foundation  of  your  Bureau.  The  Weather  Bureau,  was, 
of  course,  the  offspring  of  the  Signal  Service  and  the  Signal  Service 
was  the  offspring  of  the  War  of  the  Rebellion.    During  that  war  tb« 
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inspection  the  size  of  oval  that  can  be  best  drawn  from  the  fignrefl. 
Such  wave  crests  have  been  drawn  for  more  than  two  months,  and 
liaye  already  shown  that  we  have  here  a  most  powerful  means  of 
studying  the  origin  and  progress  of  such  waves.    For  example,  it  has 
been  found  that  almost  invariably  the  wave  of  moisture  has  prece- 
dence over  that  of  temperature  and  pressure,  and  that  the  pressure 
wave  lags  considerably  behind  both  the  others.    This  is  almost  a 
startling  corroboration  of  the  facts  already  brought  out  as  to  the 
movement  of  moisture,  temperature,  and  pressure  on  Mount  Wash- 
ington ;  that  is  to  say,  a  wave  of  high  temperature  accompanies  a  low- 
pressure  wave,  but  the  change  to  a  lower  temperature  occurs  fir3t  in 
the  upper  air  and  is  thence  transferred  to  the  earth.    It  would  also 
appear  that  the  positions  of  these  wave  crests  will  enable  us  ulti- 
mately to  determine  the  direction  in  which  a  high  or  low,  for  example, 
will  move  in  the  next  twlve  hours.    If  the  last  suggestion  proves  true, 
this  will  become  a  very  important  method  of  study,  as  all  will  readily 
recognize. 

"WEND  VANES. 
C.  p.  Cboitk,  Cape  Henry,  Va. 

The  vanes  now  in  use  are  very  large  and  heavy,  and  though  they 
may  work  fairly  well  in  strong  winds  when  first  put  up,  they  are  not 
sensitive  enough  in  light  winds,  and  their  great  weight  develops  so 
much  friction  that  considerable  force  must  be  exerted  to  turn  the 
arrow.  The  weight  of  the  long  and  heavy  vane  rod  is  added  to  the 
mass  of  the  vane  of  which  it  is  really  a  part.  Now,  as  friction,  either 
rolling  or  sliding,  is  directly  proportional  to  the  pressure  of  the  two 
surfaces,  it  is  evident  that  the  vane  itself  should  be  made  as  much 
lighter,  and  the  vane  rod  as  much  smaller  and  shorter  as  consistent 
with  utility. 

As  to  the  form  and  mechanism  of  the  most  suitable  vane,  it  is  sug- 
gested that  experiments  be  made  with  the  Weather  Bureau  anemom- 
eter by  taking  off  the  cups  and  arms  and  substituting  an  aluminum 
arrow,  to  be  not  heavier  than  the  arms  and  cups.  The  dial  case 
could  be  made  use  of,  perhaps,  as  a  connection  box.  It  is,  at  any 
rate,  believed  that  the  connection  box  should  be  as  close  to  the  vane 
as  the  dial  is  to  the  cross  arms  supporting  the  cups. 

But  one  objection  to  the  light  vane  can  be  thought  of.  It  may  lack 
the  steadiness  of  a  large  one,  but  from  a  few  crude  tests.it  is  believed 
that  slight  but  constant  vibration  of  a  small,  light  vane  will  simply 
tend  to  keep  broken  any  adhesions  that  might  result  from  its  remain- 
ing too  long  in  one  position.  There  would  be  as  little  friction  as  in 
the  anemometer. 

This  communication  is  no  more  than  an  introduction  to  the  sub- 
ject of  improvement  in  wind  vanes.  I  have  neither  facilities  nor  the 
time  for  the  necessary  investigation  with  attendant  experiments. 

In  conclusion,  it  is  desired  to  invite  attention  to  Professor  Abbe's 
Treatise  on  Meteorological  Apparatus  and  Methods,  pp.  188  and  189, 
and  particularly  to  the  paragraphs  from  which  the  following  quota- 
tions are  taken: 

It  is  obviously  anphilosophical  to  overcome  this  difficulty  [oscillation]  by 
adding  to  the  inertia  of  the  vane  and  by  retarding  it  with  an  overwhelming 
amount  of  friction,  which  varies  from  day  to  day,  and  which  is  greater  at  the 
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Dr.  Benjamin.  I  am  very  glad  to  avail  myself  of  the  opportnnitv 
of  saying  a  few  words  conceroiog  the  beginning  of  systemartic  w^ork 
in  meteorology  by  the  Smithsonian  Institution. 

It  is  just  a  little  more  than  a  half  centary  since  the  Smithsonian 
Institution  came  into  formal  existence,  and  at  that  time  the  b^io- 
uings  of  the  science  of  meteorology  were  apparent.  The  brilliant 
genius  of  Espy  was  making  itself  felt  in  various  parts  of  the  coao- 
try;  the  patient  Loomis  was  considering  the  subject  in  hia  careful 
way;  and  Redfield,  more  practical  than  the  others,  saw  commercia] 
benefits  to  be  derived  by  collecting  data  about  the  weather.  It  is  true. 
however,  that  even  before  this,  the  regular  accumulation  of  meteoro- 
logical observations  had  been  undertaken  from  time  to  time  under 
the  direction  of  the  War  Department  and  also  by  the  Navy  Depart- 
ment, but  they  had  not  been  persistent. 

Professor  Henry,  the  first  Secretary  of  the  Smithsonian  Institution, 
in  looking  about  for  subjects  with  which  to  carry  out  in  the    best 
possible  manner  the  wishes  of  the  founder  of  the  new  institution 
established  for  the  purpose  of  increasing  and  diffusing  knowledge, 
was  quick  to  recognize  the  value  of  giving  information  to  the  public 
in  regard  to  the  weather.     Men  of  science  from  many  localities 
throughout  the  country  were  invited  to  cooperate  by  making  meteoro- 
logical observations.    These  were  sent  to  Washington  and    there 
placed  in  the  hands  of  Professor  Coffin,  of  Easton,  who  undertook 
their  computation.    The  aid  of  the  various  telegraph  companies  was 
solicited  and  obtained.    A  large  map  was  set  up  in  one  of  the  halls  of 
the  Smithsonian  building,  and  every  day,  at  a  certain  hour,  facts  of 
the  weather  as  received  were  indicated  on  this  map  by  means  of  suit- 
able markers.    In  this  way  the  first  daily  weather  map  came   into 
existence.    With  the  Civil  War  came  a  partial  interruption  of  the 
work,  chiefly  in  consequence  of  the  extraordinary  demands  on  the 
telegraphic  service.    After  the  war  the  transfer  of  the  work  to  the 
War  Department  took  place,  and  later  it  passed  to  the  charge  of  the 
Department  of  Agriculture.     But  interest  in  meteorology  did  not 
cease  in  the  Smithsonian  Institution  with  the  transfers  just  men- 
tioned.   Our  present  Secretary,  Dr.  Langley,  realizing  that  the  time 
must  soon  come  when  present  m^ans  of  transportation  would  be 
inadequate,  has  devoted  much  of  his  thought  to  studies  connected 
with  the  problem  of  aerial  navigation,  and  among  these  none  has 
received  greater  recognition  than  those  that  pertain  to  the  force  of 
the  winds. 

Before -taking  my  seat  I  want  to  say  that  some  of  us  have  grown  to 
believe  a  good  deal  in  Civil  Service,  and  if,  as  certain  of  our  politi- 
cians and  newspapers  would  have  us  believe,  that  system  of  promo- 
tion by  merit  should  be  abolished,  then  I  would  observe  that  when 
that  time  comes,  it  will  be  impossible  to  secure  for  public  office  men 
who  have  risen  from  the  ranks  such  as  the  present  Chief  of  the 
Weather  Bureau.  We  believe  that  he  is  a  splendid  illustration  of 
the  right  man  in  the  right  place,  and  his  fitness  for  his  present 
appointment  is  the  result  of  having  demonstrated  his  capacity  in 
subordinate  affairs. 

Professor  Moore.  Just  at  this  point,  there  is  one  matter  to  which  I 
wish  to  refer,  and  that  is  the  magnificent  nonpartisanship  of  the  pres- 
ent Secretary  of  Agriculture.     In  recommending  and  securing  from 
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Congress  legislation  to  extend  the  weather  service  into  the  arid  and 
subarid  regions  of  the  West,  into  the  cotton  regions  of  the  South,  and 
into  the  West  Indies,  there  has  been  no  sectionalism  in  his  policy. 
He  is  a  Republican  Secretary  of  Agriculture,  and  every  one  of  those 
additional  stations,  except  one,  has  gone  into  Democratic  States.    This 
is  not  a  political  Bureau  [applause].    I  say  this  without  any  disparage- 
ment to  politics,  because  I  believe  there  is  not  a  man  now  looking  into 
my  face  who  does  not  value  the  elective  franchise  that  is  given  to  every 
citizen  in  America,  and  who  will  not  freely  and  impartially  exercise 
that  franchise.    But  in  extending  the  benefits  of  the  weather  service, 
the  present  Secretary  of  Agriculture,  the  Honorable  James  Wilson, 
and  his  assistant,  Colonel  Brigham,  who  presides  in  his  absence,  rec- 
ognize that  the  weather  service  is  here  to  serve  all  interests,  without 
regard  to  politics.    Grentlemen  here  have  paid  me  several  compliments 
as  the  Chief  of  this  greatest  of  all  meteorological  services,  but  I  want 
to  say  to  them  that  my  power  is  derived  entirely  from  the  Secretary 
of  Agriculture  and  his  assistant,  and  without  their  support  I  could 
not  hold  my  office  a  minute.    The  credit  for  the  work  we  are  doing 
to-day  belongs  to  them,  I  am  simply  their  executive. 


ERRATUM. 


In  the  fifth  Jine  of  the  first  paragraph  on  page  173,  ''  Hon.  William 
Pitt  Kellogg"  should  read  "Hon.  Stephen  B.  Packard." 
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which  occurs  is  within  4^  of  that  forecast,  eleven  (79  per  cent}  oi 
fourteen  warnings  of  1895-96  were  verified  at  Galveston  and  thirteen 
(87  per  cent)  of  fifteen  issued  for  the  territory  60  to  100  miles  frown 
Galveston  were  verified  by  taking  the  lowest  temperature  recorded 
in  that  section;  all  three  (100  per  cent)  of  the  warnings  of  1896—97 
were  verified  both  at  Galveston  and  50  to  100  miles  from  Galveeton ; 
nine  (82  per  cent)  of  the  eleven  warnings  issued  during  the  wioter 
of  1897-98  were  verified  at  Galveston  and  all  except  one  (91  percent) 
were  verified  by  the  lowest  temperature  which  occurred  50  to  100 
miles  from  Galveston. 

The  public  is  quick  to  appreciate  efforts  on  the  part  of  the  Weather 
Bureau  to  supply  information  of  the  character  desired  as  well  as  to 
make  improvement  in  the  forecasts.    Those  interested  lose  no  time 
in  taking  advantage  of  any  class  of  warnings  which  they  can  utilize. 
The  truck  growers  when  they  feel  certain  that  they  will  be  promptly 
warned  twelve  to  thirty-six  hours  in  advance  of  approaching  injuri- 
ouB  temperatures,  plant  their  fields  with  a  view  to  protecting  their 
crops  when  advised  by  us.    In  this  section,  where  only  occasional 
light  freezes  occur,  and,  as  a  rule,  protection  is  practicable  through- 
out the  winter,  vegetable  and  berry  crops  are  cultivated  during  the 
winter  months  for  shipment  to   northern  markets  and  toward  the 
close  of  the  winter  the  most  tender  varieties  of  plants  are  pushed 
under  protection  so  that  this  section  now  furnishes  the  earliest  vege- 
tables to  northern  markets. 

The  sugar  planters  put  in  larger  crops  of  cane,  and  cut  only  as  used 
by  the  mills  when  they  feel  sure  that  they  will  receive  definite  warn- 
ings far  enough  in  advance  to  enable  them  to  cut  and  windrow  their 
cane  before  it  is  damaged  by  freezes.    Every  additional  day  that  cane 
can  be  left  standing  in  the  fields  improves  the  product,  hence  the 
great  value  of  timely  warnings.    Besides  these  features  the  ability  to 
grind  as  fast  as  cut  from  the  fields  results  in  a  large  saving  to  the 
producers.    Through  the  warnings  of  the  approach  of  injurious  tem- 
peratures planters  can  take  the  risk  of  drawing  the  earth  from  the 
cane  early  in  the  season,  and  let  the  sun  warm  the  roots  to  start  an 
early  growth.    If  injurious  temperatures  are  forecast  the  cane  is  cov- 
ered and  protected  and  then  uncovered  again,  as  soon  as  favorable 
weather  returns,  without  materially  retarding  its  growth. 

During  periods  of  critical  temperatures  the  local  office  of  the 
Weather  Bureau  at  Galveston  is  constantly  in  telephonic  communi- 
cation with  those  who  have  interests  to  protect,  and  especially  with 
some  part  of  the  sugar  and  trucking  region,  by  means  of  the  long-dis- 
tance telephone.  The  time  of  one  man  is  frequently  required  all  day 
at  the  telephone  answering  calls.  The  demand  for  information,  over 
the  long-distance  telephone,  from  places  outside  of  Galveston  has 
become  so  great  that  the  telephone  company  has  placed  a  long-dis* 
tance  telephone  in  the  office  of  the  Weather  Bureau  at  this  place  for 
the  benefit  of  their  patrons  in  other  portions  of  the  State  who  ase 
the  telephone,  at  their  own  expense,  in  communicating  with  this 
office.  This  is  cited  as  indicating  the  interest  in  the  warnings  and 
the  vigilance  with  which  planters  seek  definite  information. 

Speaking  for  the  southeastern  portion  of  Texas  I  do  not  beliere 
that  it  would  be  putting  it  too  strongly  to  say  that  the  general  public 
would  be  as  much  inconvenienced  without  the  Weather  Bureau  as 
they  would  be  without  the  post  office. 
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Regarding  the  utility  of  special  temperature  forecasts  I  desire  to 
say  that,  while  it  does  not  appear  essential  that  forecasts  of  probable 
temperatures  be  made  for  entire  districts,  a  material  improvement 
would  result  by  issuing  special  forecasts  giving  expected  tempera- 
tures for  all  localities  where  interests  such  as  sugar  cane  and  early 
truck  growing  are  extensively  engaged  in.  Such  warnings  can  be 
utilized  to  the  greatest  advantage  in  the  semitropical  sections  near 
the  Gulf  coast  and  in  portions  of  California,  where  products  can  fre- 
quently be  kept  growing  unprotected  until  January  and  by  occasional 
protection  throughout  the  winter.  These  warnings  will  also  prove 
advantageous  in  all  sections  where  extensive  gardening  for  market  is 
commenced  early  in  the  season,  for  damage  often  results  from  tem- 
peratures near  freezing  when  there  is  no  frost  formation. 

It  was  my  intention  to  have  given  in  this  paper  a  description  of 
the  weather  types  which  give  injurious  temperatures  near  the  Texas 
coast,  and  the  deductions  followed  in  forecasting  probable  tempera- 
tures, but  find  that  it  must  be  deferred  to  some  future  time  when  I 
will  prepare  a  separate  paper  on  that  subject. 

Spedctl  tdmperature  foreeaits  made  at  Galw»U>n^  Tex.,  for  the  district  witMn  100  mUee 
of  that  place,  for  the  beneJU  of  sugar  planters  and  truck  growers, 

WINTER  OF  188&-96. 


Temperatures  fore- 
cast for  following 
day  at— 

Temperatures  which  occurred 
on  the  following  day  at— 

Difference  between  tem- 
peratures recorded  and 
those  forecast.* 

Date. 

Galyes- 
ton. 

o 
87 

fiOtolOO 

miles  from 

Galyes- 

ton. 

o 

82 

Galyes- 
ton. 

Hous- 
ton. 

Stafford. 

Colum- 
bia. 

Oalyeston. 

Lowest  60 

to  100  miles 

fromGal- 

yeston. 

1806. 
Noyember  25 

o 

"'ii.i' 

'"87.0 

0 

Frost. 

88.8 
Frost. 

84.6 

0 

0 

0 

0 

November  26. . . . 

28 

81 

-0.4 

—  4.0 

December   2.... 

84 

28  to  25 

December   8.... 

28 

82 

-f  8.0 

+  8.0 

December   8*... 

86 

80  to  28 

December   4 . . . . 

89.4 

"iiii* 

80.1 

Frost. 

86.0 

27 

28 

+  S.4 

—  1.0 

December  19.... 

88 

82  to  28 

December  20.... 

82 

81 

+  4.2 

-f  8.6 

December  80. . . . 

82 

28 

December  81.... 

40.0 

29.0 

20 

29 

+  8.0 

+  1.0 

1806. 

January  8 

January  4  

80-27 

24  to  20 

81.7 

82.0 

28 

82 

+  1.7 

+  8.0 

January  4 

January  5 

86 

•  ••«  ■•••  ■■•• 

27 

80.2 

"46.0 

Frost. 

48.8 

29.7 
Frost. 

86.8 
Frost. 

87.9 

26 

28 

+  8.2 

~  2.0 

January  28 

January  24 ..... . 

88 

80  to  27 

88 

82 

+  8.0 

+  6.0 

January  25 

January  26 

42 

84 

84 

86 

+  i:8* 

0.0 

February  7 

February  8 

40 

80 

88.7 

"ii.'o 

87.0 
Frost. 

87.6 
Frost. 

88.0 

84* 

89 

-  1.8 

+  4.0 

February  8.  ... 
February  9 

86 
Frost. 
88 

88 

40 

—  8.0 

February  18 

February  14.  ... 

89 

80 

86 

4-6.0 

—  8.0 

March  8 

40-86 

"86  tow" 

March  4 

58.8 

54.0 

50 

60 

+18.8 

+16.0 

March  18 

44 

87 
Frost. 

86 
Frost. 

March  19 

"'45.6 
.... .... 

"ii.'s* 

48.0 

Frost. 

87.8 

40 
Ice. 
84 

48 

Frost. 

87.6 

+  1.6 

+  8.0 

March  19 

44 

March  20 

+  1.6 

—  2.0 

*The  plus  (+)  and  minus  (— )  signs  indicate  whether  the  temperatures  were  aboye  or  below 
those  predicted. 
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TrnnpenUv/re  fareccuAi  mads  at  Oaheston,  Tex.,  for  t&rrUory  within  100  m£i&m  of  iKai 

place,  far  the  benefit  of  migar  and  trucking  interesti. 

WINTER  OF  1896-07. 


Temperatures  fore- 
oast  for  following 
day  at— 

Temperatures  which  ooourred  on  the 
following  day  at— 

Difference  be^^veem  tem- 
peratures reoordad  and 
those  forecAs^.* 

Date. 

Galves- 
ton. 

60  to  100 
miles  from 
Galves- 
ton. 

Galves- 
ton. 

Hous- 
ton. 

Stafford. 

Colum- 
bia. 

Bren- 
ham. 

Galveston. 

]>>wartSO 

to  lOO  miles 

from  Gal- 

ireston. 

18B6. 
Wot.  27.. 

o 
88 

o 
80 

o 

o 

o 

o 

o 

o 

o 

Not.  98.. 

40.7 

88.9 

96.0 

86.0 

80.0 

+8.7 

O-O 

Not.  98. . 

84 

98 

Not.  90.. 

84.7 

85.5 

85.0 

88.0 

88.0 

-fO.7 

H-i.O 

1807. 
Jan>  95. . 

87 

99 

Jan.  96.. 

97.0 

95.0 

18.0 

94.0 

0.0 

—4  0 

WINTER  OF  1807-08. 


1607. 
Dec.  9.. 
Dec.  8.. 
Deo.  8.. 
Deo.  4.. 
Dec.  16. . 
Dec.  17.. 

1808. 
Jan.  16.. 
Jan.  16.. 
Jan.  95. . 
Jan.  96. . 
Jan.  96.. 
Jan.  97. . 
Feb.  9.. 
Feb.  8.. 
Feb.  5.. 
Feb.  6.. 
Feb.  90. . 
Feb.  91.. 
Mar.  2.. 
Mar.  8.. 
Mar.  28.. 
Mar.  94.. 


40 


80 
88 


40 


40 


80 


49 


82 

"si" 


82 

'20' 
82 


48 


42 


40 


81 
84' 


84 

88 

*82' 


87.5 
'80.0 


44.0 

Frost. 
44.0 


48.2 
'42.'8* 


89.0 


41.8 
'42*6' 

is's 


88.0 


27.0 

io.'i' 


Frost. 
87.0 


80.5 

Frost. 

80.2 


85.0 
41.2' 


82.0 
'96.0* 


87.0 

Frost. 
82.0 


87.0 
Frost. 
•  86.0 


86.5 
'4i.'6' 

'so.o' 


82.0 
86.6* 


88.0 
"87.'6* 
"87.'6* 


86.0 


97.0 

'io.'o' 


82.0 


40.0 

Frost. 

85.0 


88.0 
*84.'6' 


82.0 

'io.'o* 

80.0 


80.0 


28.5 

'si.'o 


84.0 

'si.'o' 


86.0 
'98.'6' 


86.0 


88.0 


86.0 

'is.'o' 


—9.5 

*6!o 

*+6.'o' 


-H.0 


+7.9 
+9.'8 


0.0 

"■ii'.i' 


-1.7 

"6.*6 

'+8.'8 


— «.0 

■    •      m  m  m 

— 4>.5 
0.0 

«  •  •  •  • 

0.0 

""6 


-+g.o 

■       ■  •  • 

'"i'i 

mm    «  •  ■  • 

—8.0 

•  •  «  •  • 

+a.o 


*The  plus  (+)  and  minus  (— )  signs  Indicate  whether  the  temperatures  were  aboTC  or  below 
those  predicted. 


AN  OFFICIAL  OF  THE  ^WEATHER  BUREAU:  HIS  DUTIBS  AND 

QUALIFICATIONS. 

B.  S.  Paoux,  Portland,  Oreg. 

The  following  is  submitted  as  the  personal  opinion  of  one  who  has 
had  nearly  eighteen  years'  service  in  the  meteorological  bureau  of  the 
United  States: 

In  newspapers,  periodicals  and  books,  except  in  those  of  a  scientific 
or  semiscientific  character,  it  is  always  found  that  the  Weather  Bu- 
reau official  is  mentioned  as  *'  The  Weather  Man,"  or  in  terms  of  like 
import,  at  once  assuming  a  humorous  tendency.  For  the  past  ten 
years,  efforts  have  been  made  to  eliminate  this  lighter  vein  from  all 
publications.  Like  poison  once  taken,  antidotes  work  slowly  though 
surely,  so  that  the  humorous  is  only  slowly  passing  away.  The 
Weather  Bureau  official  has  been  laboring  for  years  to  place  his  work 
upon  a  sound  and  dignified  basis,  endeavoring  to  make  the  work  done 
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each  day  so  yalaable  that  its  importance  and  merit  would  command 
the  respect  of  the  public.  Hence,  his  chief  characteristic  is  his  desire 
to  be  of  value  to  the  people.  The  observations  and  reports  are  each 
so  important  that  seriousness  enters  into  his  work,  even  to  the  most 
minute  detail ;  promptness,  careful  attention  and  accuracy  mark  the 
work  of  the  Weather  Bureau  official.  To  succeed  in  anything, 
whether  in  manual  labor,  or  in  the  most  abstract  problem  of  science, 
it  is  necessary  that  the  individual  possess  ability,  energy,  liberal 
views  and  a  discerning  mind.  To  succeed  in  a  scientific  pursuit,  and 
especially  in  one  that  is  viewed  with  skepticism  by  the  masses,  re- 
quires a  most  fertile  brain,  sound  judgment  and  accurate  deduction. 

The  qualifications  of  a  man  are  often  difficult  to  determine.  A 
powerful  writer  is  one  having  knowledge,  logic,  rhetoric,  thought, 
and  language  constantly  at  his  disposal.  A  successfal  orator  in  addi- 
tion to  the  preceding  must  have  a  physical  force  and  personal  pres- 
ence that  commands  the  attention  and  respect  of  his  hearers,  a  well 
modulated  voice  and  the  power  to  emphasize  the  important  points  of 
his  discourse.  An  official  in  the  Weather  Bureau  may  possess  all 
these,  yet  not  succeed  in  his  work.  The  Weather  Bureau  requires  so 
many  and  varied  duties  that  the  special  qualifications  are  at  times 
difficult  to  determine,  but  when  once  found  are  sure  to  be  recognized. 

Offices  located  in  rural  communities,  where  the  official  performs 
only  the  routine  duties  required  are  not  always  made  as  valuable 
as  they  should  be;  it  may  be  difficult  to  determine  how  offices  so 
located  may  increase  their  importance,  how  the  official  can  make 
himself  of  value  to  the  community,  and  how  secure  the  respect  and 
good  will  of  the  people  in  his  work ;  yet  this  can  be  done,  if  the 
individual  is  devoted  to  his  work,  if  he  has  a  love  for  his  duty, 
if  he  is  working  for  the  good  of  the  Bureau  and  not  for  his  own 
material  good  or  pleasure.  In  cities  the  scale  of  work  is  so  large  that 
few  are  found  qualified  to  conduct  it  so  that  the  greatest  possible  good 
is  accomplished.  The  practical  work  of  the  Weather  Bureau  is  being 
demonstrated  daily,  and  hence  the  stations  of  the  Bureau  are  growing 
in  importance ;  the  individual  must  grow  or  else  fall  behind  in  the 
procession  of  events.  To  keep  pace  with  the  development  of  the 
work  of  the  Bureau  requires  active,  intelligent  men ;  men  who  are 
quick  to  grasp  ideas  and  to  put  them  into  execution.  The  time  is 
past  when  no  forward  move  on  the  checker  board  of  work  can  be 
made  without  the  suggestion  or  sanction  of  the  Central  Office  in 
Washington. 

An  official  is  charged  with  certain  specific  duties,  but  his  instruc- 
tions Ure  general ;  the  latitude  given  the  subordinate  is  such  that 
his  ability  may  be  developed  and  his  work  thereby  become  of 
greater  value  to  his  immediate  community.  The  successful  official 
associates  with  the  people  of  the  community  in  which  he  lives 
He  makes  a  study  of  their  needs  and  moulds  his  work  accord- 
ingly. If  he  lives  in  a  dry  region,  he  studies  the  water  supply  and 
endeavors  to  lay  before  the  people  the  necessity  for  a  certain  course 
of  action  in  order  that  the  available  climatic  elements  may  be  made 
as  valuable  as  possible;  if  in  a  wet  region,  there  are  numerous 
features  at  his  disposal  that  can  be  utilized  with  profit.  In  an  agri- 
cultural, horticultural  or  stock  region  various  interests  can  be  served. 
In  commercial  communities  a  wide  field  is  offered  for  successful  work 
and  equally  as  great  opportunities  are  offered  in  marine  communi- 
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ties  BO  that  no  matter  what  the  conditions  may  be  sarronrtding^  an 
official,  if  he  be  mentally  alert,  he  can  increase  the  value  of  t;lie  ^irork. 
Every  office  is  primarily  of  equal  importance ;  as  the  surroixn dings 
are  increased,  whether  for  commercial  or  industrial  pursuits,  so  are 
the  avenues  for  valuable  work  increased.    He  who  is  great  io  small 
things  can  be  great  in  large  affairs,  so  that  growth  is  open  tx>  all,  no 
matter  what  the  local  environments  may  be.    Every  office  depends 
upon  the  other.     No  central  office,  state  t)r  national,  can  be  sticcesa- 
ful  in  the  work  of  the  Weather  Bureau  without  loyal  support    from 
every  minor  office,  no  matter  how  meagre  its  equipments  are.      N'ever 
was  one  cog-wheel  more  dependent  upon  others  for  its  own    motion 
than  are  the  larger  offices  upon  the  smaller.    The  official    io  high 
rank  is  as  dependent  upon  the  lower  in  rank  as  the  lower  is  depend- 
ent upon  the  higher. 

These  are  some  of  the  features  found  in  the  work  of  the  Weather 
Bureau,  and  the  one  who  possesses  the  qualifications  to  fully  utilize 
the  many  and  varying  opportunities  presented  to  him  is  the  one 
who  is,  or  will  be,  successful.    The  Weather  Bureau  official  ehouid 
be  able  to  express  himself  in  writing  or  speaking  so  as  to  cooimand 
the  respect  of  his  readers  or  hearers.    He  must  possess  a  pure  char- 
acter so  as  to  have  the  moral  respect  of  the  people.    He  must  i^ork 
upon  broad  and  liberal  lines  with  the  people  in  the  community  in 
which  he  resides.    He  must  be  a  man  of  intelligence,  of  force  of 
character;  must  possess  in  a  high  degree  the  attributes  that  are  nec- 
essary to  success  in  any  and  every  important  undertaking  in   life. 
He  should  study  the  people,  visit  their  fairs  and  expositions,  and  be 
connected  with  the  management  of  them ;  attend  and  take  an  active 
part  in  agricultural  college  institutes.    Every  gathering  of  agricul- 
tural and  horticultural  people  should  be  attended  by  a  Weather  Bu- 
reau official.    He  should  know  the  soil  and  climatic  conditions  and 
be  able  to  discuss  them  intelligently.    He  should  be  in  close  touch 
with  public  schools  and  colleges,  and  especially  with  agricultural 
colleges  and  technical  schools ;  interest  the  teachers  and  educators  in 
his  work ;  be  connected  with,  and  participate  in,  the  work  of  scientific 
societies,  and  be  closely  related  to  the  newspaper  people  and  have 
the  most  cordial  relations  with  them. 

These  are  some  of  the  qualifications  most  necessary  to  make  the 
work  of  the  Weather  Bureau  a  success.  The  people  must  be  educated 
to  the  value  of  and  benefit  arising  from  the  work  in  which  the  official 
is  engaged.  When  he  has  accomplished  this,  progress,  advancement, 
and  success  will  reward  him.  So  far  as  possible  the  individual  miut 
not,  per  se,  be  prominent.  The  Weather  Bureau  should  always  be 
more  prominent  than  the  official.  The  Bureau  lives  while  the  official 
passes  away,  but  as  the  Bureau  rises  in  the  estimation  of  the  public, 
so  will  the  official  rise.  The  Bureau  must  be  of  value  to  the  people, 
the  official  of  value  to  the  Bureau.  The  personal  reputation  and  im- 
portance of  the  official  depends  upon  his  union  with  the  Bureau  and 
his  faithfulness  to  it  and  to  the  people. 

The  Weather  Bureau  is  in  its  infancy.  It  has  a  great  future.  The 
individual  can  not  float  above  with  the  tide ;  he  must  stem  the  car- 
rent,  and,  with  the  Bureau,  by  force  of  attainment,  character,  and 
steadfastness  of  purpose  win  success. 


APPENDIX  A. 


On  the  evening  of  October  14  a  banquet  was  given  which  was 
skttended  by  members  of  the  Convention  and  a  nomber  of  guests^ 
among  whom  were  the  Hon.  Joseph  H.  Brigham,  Assistant  Secretary 
of  Agriculture ;  Hon.  John  M.  Thurston,  United  States  Senate ;  Hon. 
D.  H.  Mercer,  M.  C;  Hon.  William  Pitt  Kellogg,  E.  Rosewater,  Esq., 
editor  of  the  Omaha  Bee ;  Sands  Woodbridge,  Esq.,  of  the  Omaha 
World-Herald,  and  others  who,  with  the  Weather  Bureau  oflScials, 
numbered  about  one  hundred. 

As  the  speeches  at  the  close  of  the  banquet  were  by  men  who  have 
achieved  distinction  in  public  life,  journalism,  and  other  pursuits 
requiring  the  highest  order  of  ability,  it  is  deemed  appropriate,  as 
far  as  practicable,  to  give  their  remarks,  as  showing  the  estimate  they 
place  upon  the  value  of  the  Bureau's  work. 

No  provision  was  made  for  a  stenographic  report  of  the  banquet 
speeches,  and  it  is  wholly  due  to  the  kindness  and  industry  of  Mr. 
Bobert  M.  Reese,  stenographer  to  the  Honorable  Secretary  of  Agri- 
culture, and  to  his  efficiency  and  thoughtf  ulness  that  it  is  possible  to 
give  the  remarks  of  part  of  the  speakers.  Some  excellent  speeches, 
however,  were  not  taken  by  the  stenographer,  a  matter  of  regret,  as 
those  delivered  by  the  Hon.  D.  H.  Mercer,  Prof.  Cleveland  Abbe,  Hon. 
John  R.  Sage,  Director  B.  S.  Pague  of  the  Oregon  section,  and  others 
were  able  and  interesting. 

Professor  Moore  presided  and  spoke  as  follows : 

Gentlemen  of  the  Weather  Bureau  and  Honorable  Guests: 
Here,  and  over  the  broad  areas  stretching  away  1,500  miles  on  either 
side  of  us,  was  founded  a  republic  exemplifying  the  most  sublime  confi- 
dence in  man.  Others  had  built  upon  vested  rights,  traditions,  or 
theories,  but  here  for  the  first  time  was  founded  a  system  of  govern- 
ment based  upon  the  natural  and  inherent  rights  of  man.  Such  a 
system  of  government  gave  the  world  its  first  ideals  of  liberty,  recon- 
ciling authority  with  liberty,  liberty  with  authority,  and  solving  at 
once  and  for  all  time  the  great  problem  of  human  government.  Now, 
what  has  been  the  result  of  the  benign  conditions  of  soil,  climate,  and 
government  under  which  we  exist?  Why,  we  have  been  able  to  meet 
and  hold  our  Weather  Bureau  Convention,  midway  between  the  great 
oceans,  with  the  vast  mineral  wealth  of  the  mountains  towering  on 
our  west  and  the  great  fruitful  plains  on  our  east ;  to  enjoy  the  society 
and  the  hospitality  of  a  highly  cultivated  and  thrifty  people,  where 
but  a  few  years  ago  the  virgin  soil  of  the  prairie  was  yet  unbroken; 
to  witness  out  here  at  the  second  edition  of  the  White  City,  the 
material  and  physical  manifestations  of  the  agriculture,  the  arts,  and 
the  commerce  of  a  people  unequaled  for  their  skill,  their  inventive 
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geniuB,  and  their  energy  by  any  other  race  or  amalgamation  of  races 
throughout  the  world  [applause]. 

What  have  been  the  results  of  these  Divinely  given  conditions — 
these  Divinely  given  physical,  geographical,  meteorological,  and  geo- 
logical conditions?    Here  all  Nature  has  conspired  to  make   a  great 
people,  to  build  up  a  great  civilization.    Recently  a  great   national 
crisis  confronted  us.    But,  gentlemen,  the  seeds  of  national    virtue 
and  patriotism  planted   at  Lexington,   Yorktown,  and   Lake  Krie^ 
watered  and  fertilized  by  the  blood  of  Gettysburg  and  Appomat- 
tox, and  nourished  during  the  past  thirty  years  by  the  invigorat- 
ing sunshine  of  the  most  free  and  liberal  education  with    which 
people  was  ever  blessed,  have  given  to  our  armies  in  the    field  a 
sturdy  and  enlightened  manhood  which  made  Santiago  possible,  and 
which  realized  the  magnificent  victory  of  that  grand  old    hero   at 
Manila.    What  has  been  the  result?    Why,  as  Corporal  Tanner  re- 
cently said,  "We  have  given  to  the  world  an  eighth  wonder;  we 
have  presented  to  the  effete  monarchy  of  Spain  the  grandest  subma- 
rine navy  the  world  ever  sawl"  [laughter].    We  have  shown,  gen- 
tlemen, that  the  American  people,  notwithstanding  the  acrimony  of 
their  political  discussions,  have  such  sublime  confidence  in  the  wisdom, 
the  patriotism,  and  the  justice  of  the  Christian  statesman  whom  they 
have  elected  to  preside  over  their  destinies  that  all  political  parties 
will  sustain  him  in  the  hour  of  the  country's  peril  [loud  applause]. 

But,  gentlemen,  we  have  grown  rich,  populous,  and  prosperous  in  the 
cultivation  of  the  arts  and  sciences  of  the  greatest  of  all  countries,  and 
to-day  we  are  turning  our  eyes  toward  the  sunny  Tropics  and  toward 
the  ethereal  blue  of  the  far  away  west  in  quest  of  other  peoples  upon 
whom  we  may  stamp  the  impress  of  our  institutions  and  the  munifi- 
cence of  our  American  civilization. 

The  American  people  are  adept  in  invention,  in  applying  knowledge 
and  science  to  the  commerce  and  industries,  not  only  of  their  own 
country,  but  of  the  world.  And  in  no  way  is  that  aptitude  better 
shown  than  in  the  meteorological  service  of  the  Department  of  Agri- 
culture. 

The  great  raisin  industry  of  California  testifies  to  the  value  of  our 
warnings.  The  shippers  of  the  perishable  produce  of  the  country,  the 
marine  interests  of  the  Great  Lakes  and  of  the  Atlantic  Ocean,  all 
testify  in  the  most  emphatic  terms  of  the  millions  annually  saved 
through  the  warnings  of  this  meteorological  institution.  I  listened 
to  the  president  of  one  of  the  largest  sections  of  the  British  Associa- 
tion for  the  Advancement  of  Science,  at  Toronto  two  years  ago,  and 
heard  him  declare  that  the  United  States  Government  was  far  in  ad- 
vance of  all  other  governments  in  its  meteorological  knowledge  and 
in  applying  that  knowledge  to  practical  affairs.  I  give  a  few  of  these 
facts  for  the  benefit  of  those  not  familiar  with  our  work. 

Probably  in  no  case  within  my  range  of  vision,  certainly  in  but 
few  cases,  is  that  citizenship  I  have  just  extolled  better  illus- 
trated, or  its  possibilities  better  shown,  than  in  the  life  and  achieve- 
ments of  him  who,  simply  as  a  farmer's  lad,  entered  the  service  of 
his  country,  and  by  valor  rose  to  the  rank  of  colonel ;  who  served 
his  State  in  the  State  senate ;  who  lately  presided  over  one  of  the 
greatest  organizations  in  this  country — I  mean  the  National  Grange— 
and  at  a  still  later  period  was  called  into  the  cabinet  councils  of  the 
greatest  republic  on  earth.    Gentlemen,  I  have  the  honor  to  intro- 
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dnoe  toyoa  the  Assistant  Secretary  of  Agriculture,  the  Hon.  Joseph 
H.  Brigham. 

Mr.  Brighah.  Gentlemen  of  the  Weather  Bureau  and  other 
DISTINGUISHED  CITIZENS:  I  am  Very  glad  to  have  the  privilege  of  tneet- 
ing  with  yon  here  to-night,  and  to  be  permitted  to  say  a  few  words 
about  the  Departmentof  Agriculture,  a  Department  that  exists  to-day 
because  of  the  earnest  efforts,  long  continued,  of  farm  organizations. 
I  am  familiar  with  every  step  that  was  taken  for  the  creation  of  this 
Department. '  The  work  was  done  by  plain,  practical  men,  not  for 
the  purpose  of  furnishing  soft  places  for  politicians,  not  for  the  pur- 
pose of  drawing  a  certain  amount  of  money  from  the  National  Treas- 
ury. Their  idea  and  purpose  was  to  help  the  greatest  and  most  im- 
portant industry  of  our  country,  that  of  agriculture.  They  realized 
tliat  a  large  per  cent  of  our  people  must  always  labor  in  the  field, 
must  be  directly  connected  with  agriculture.  They  believed  it  to  be 
important  to  dignify  the  calling  of  agriculture ;  they  believed  it  im- 
portant to  teach  the  ambitious  boy  on  the  farm  that  there  was  room 
for  the  exercise  of  all  his  ability  and  energy  in  the  field  of  agricul- 
ture; they  believed  it  important  to  have  a  representative  in  the 
council  chamber  of  the  Chief  Executive,  where  suggestions  could  be 
made  in  the  interests  of  this  great  and  indispensable  industry,  agri- 
culture. 

Having  this  object  in  view,  they  labored  earnestly  for  many  years 
to  secure  their  desire.  Very  few  people  believed  it  possible  when  it 
was  first  agitated ;  even  the  agricultural  press  scouted  the  idea  of 
having  a  Department  of  Agriculture.  They  seemed  to  think  it  was 
class  legislation.  Farmers  did  not  so  consider  it ;  they  understood 
that  everybody  was  interested  in  cheapening  the  cost  of  bread,  and 
that  everybody  had  to  rely  upon  the  labor  of  those  who  toil  in  the 
fields ;  that  when  the  farmers  prosper,  there  is  general  prosperity, 
and  that  when  times  are  hard  on  the  farm  they  are  hard  everywhere. 
They  understood  this,  and  so  they  labored  for  the  elevation  of  the 
Department,  and  their  efforts  were  crowned  with  success.  Now,  it 
was  necessary  to  have  at  the  head  of  this  Department  a  man  who  was 
in  full  sympathy  with  this  purpose.  I  believe  we  have  in  the  present 
Secretary  of  Agriculture  a  man  whose  whole  soul  and  all  his  energy 
are  directed  to  the  purposes  that  they  had  in  view,  namely,  of  doing 
some  useful  work  for  agriculture.  There  are  a  good  many  people  in 
the  world  who  do  not  comprehend  the  importance  of  this  industry. 
I  want  to  say  to  you  that  the  crop  of  a  single  year,  if  multiplied  by 
twelve,  would  pay  the  national  debt  of  every  country  in  the  world — 
every  country  in  the  world! — and  many  nations  never  expect  to  pay 
their  debts.  Three  billion  five  hundred  million  dollars  was  the 
cash  value  of  the  crop  of  1897.  In  the  last  year,  we  sent  abroad, 
after  supplying  our  own  people,  after  feeding  our  own  people  as  no 
other  people  in  the  world  are  fed,  $1,210,000,000  worth  of  our  pro- 
ducts. Not  all  of  this  came  from  the  farm,  but  70  per  cent  of  it  was 
from  the  farms  of  our  country.  Something  over  $800,000,000  more 
than  we  bought  from  foreign  countries  have  been  exported  in  the  last 
two  years.  If  we  can  continue  that  for  a  few  years,  and  I  believe  we 
can,  with  the  able  assistance  of  the  Weather^ Bureau  [applause],  we 
may  expect  to  see  coming  back  to  our  country  every  bond  and  obli- 
gation held  abroad,  canceled  and  paid. 
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of  Fabrenhoit  had  then  been  in  use  bat  a  few  years ;  and,  compared 
with  the  fine  instruments  now  used  for  measuring  temperature,  the 
error  due  to  imperfect  mechanical  construction  was  probably  consid- 
erable. About  one  hundred  years  after  the  invention  of  the  barome- 
ter, viz,  in  1747,  Benjamin  Franklin,  patriot,  statesman,  diplomat, 
and  scientist,  divined  that  certain  storms  had  a  rotary  motion  «ud 
that  they  progressed  in  a  northeasterly  direction.  It  was  prophetic 
that  these  ideas  should  have  come  to  him  long  before  anyone  had  ever 
seen  charts  showing  observations  simultaneously  taken  at  many  sta- 
tions. But,  although  his  ideas  in  this  respect  were  more  important 
than  his  act  of  drawing  the  lightning  from  the  clouds  and  identify- 
ing it  with  the  electricity  of  the  laboratory,  yet  his  contemporaries 
thought  little  of  his  philosophy  of  storms  and  it  was  soon  forgotten. 
It  will  be  interesting  to  learn  how  he  reached  his  conclusion  as  to  the 
cyclonic  or  eddy-like  structure  of  storms. 

Franklin  had  arranged  with  a  coworker  at  Boston  to  take  observa* 
tions  of  a  lunar  eclipse  at  the  same  time  that  he  himself  was  taking 
readings  of  it  at  Philadelphia.  Early  on  the  evening  of  the  eclipse 
an  unusually  severe  northeast  wind  and  rain  storm  set  in  at  Phila- 
delphia, and  Franklin  was  unable  to  secure  any  observations.  He 
reasoned  that,  as  the  wind  blew  fiercely  from  the  northeast,  the  storm 
was  of  course  coming  from  that  direction,  and  that  Boston  must  have 
experienced  its  ravages  before  Philadelphia.  Reports  indicated  that 
the  storm  was  widespread.  What  was  the  surprise  of  Franklin  when, 
after  the  slow  passage  of  the  mail  by  coach,  he  heard  from  his  friend 
in  Boston  that  the  night  of  the  eclipse  had  been  clear  and  favorable 
for  observations,  but  that  a  terrific  northeast  wind  and  rain  storm 
began  early  the  following  morning.  He  then  sent  out  inquiries  to 
surrounding  stage  stations  and  found  that  at  all  places  southwest  of 
Philadelphia  the  storm  had  begun  earlier,  and  that  the  greater  the 
distance  the  earlier  the  beginning,  as^  compared  with  its  advent  in 
Philadelphia.  Northeast  of  Philadelphia  the  time  of  the  beginning 
of  the  storm  had  been  later  than  at  that  city,  the  storm  not  reaching 
Boston  until  twelve  hours  after  its  commencement  at  Philadelphia. 

In  considering  these  facts  a  line  of  inductive  reasoning  brought 
Franklin  to  the  conclusion  that  the  wind  always  blows  toward  the 
center  of  the  storm ;  that  the  northeast  hurricane  which  Boston  and 
Philadelphia  had  experienced  was  caused  by  the  suction  exercised  by 
an  advancing  storm-eddy  from  the  southwest,  which  drew  the  air 
rapidly  from  Boston  toward  Philadelphia,  while  the  source  of  the 
attraction — ^the  center  of  the  storm-eddy — was  yet  a  thousand  miles 
to  the  southwest  of  the  latter  place ;  that  the  velocity  of  the  north- 
east wind  increased  as  the  center  of  the  storm-eddy  advanced  nearer 
and  nearer  from  the  southwest,  until  the  wind  reached  the  conditions 
of  a  hurricane;    that  the  wind  between  Boston  and  Philadelphia 


shifted,  and  came  from  the  Bouthwest  after  the  center  of  the  Btorm- 
eddy  had  passed  over  that  region ;  and  that  the  force  of  the  wind 
gradually  decreased  as  the  center  of  attraction  passed  farther  and 
farther  away  to  the  northeast. 

Another  man  whose  name  is  dear  to  the  heart  of  every  patriotic 
American  conducted  in  conjunction  with  his  friend,  James  Madison 
(afterward  Bishop),  a  series  of  weather  observations,  which  were  be- 
gun in  1771  and  continued  during  the  stirring  times  of  the  Revolu-^ 
tion.  This  was  the  sage  of  Monticello,  Thomas  Jefferson.  Madison 
was  near  the  sea,  at  the  colonial  capital,  Williamsburg,  Va. ;  Jeffer- 
son was  at  Monticello,  120  miles  west.  They  took  simultaneous  obser- 
vations for  several  years,  until  the  British  ransacked  Madison's  house 
and  carried  off  his  barometer. 

Had  the  telegraph  been  in  existence  Jefferson  and  Madison  would 
doubtless  have  conceived  the  idea  of  a  national  weather  service,  as 
they  discovered  by  comparing  observations  that  barometric  and 
thermometric  changes  usually  occurred  at  Monticello  four  or  five 
hours  before  they  did  at  Williamsburg. 

Contrary  to  the  statements  which  I  believe  have  been  made  by 
some  historians,  the  Fourth  of  July,  1776,  was  a  cool  day ;  for  the 
great  author  of  the  Declaration  of  Independence  did  not  fail  to  read 
his  thermometer  in  Philadelphia  on  that  day.  An  examination  of 
his  papers  in  the  State  Department,  made  by  an  official  of  the 
Weather  Bureau,  proved  that  he  took  several  readings,  viz,  6  a.m., 
68°;  9  a.  m.,  72i°;  1  p.  m.,  76°;  9  p.  m.,  73^°.  These  early  ob- 
servers did  not  escape  the  one  unfailing  vagary  that  even  at  this  late 
period  haunts  the  mind  by  day  and  induces  feverish  dreams  by 
night  in  nearly  every  person  who  has  not  made  a  study  of  meteoro- 
logical data;  for  in  1781  Jefferson  said: 

A  change  in  climate  is  taking  place  very  sensibly.  Both  heats  and  colds  are 
becoming  much  more  moderate  within  the  memory  of  even  the  middle-aged. 
Snows  are  less  frequent  and  less  deep.  They  do  not  often  lie  below  the  mountain 
more  than  one,  two,  or  three  days,  and  very  rarely  a  week.  The  snows  are 
remembered  to  have  been  formerly  frequent,  deep,  and  of  long  continuance. 
The  elderly  inform  me  that  the  earth  used  to  be  covered  with  snow  about  three 
months  in  every  year. 

But  Jefferson  and  his  neighbors  were  mistaken.  Never  during  the 
period  of  authentic  history  has  the  snow  covered  the  ground  in  Vir- 
ginia for  periods  averaging  three  months  per  year  for  three  years  in 
succession.  The  old  inhabitants  of  Jefferson's  time  were  like  those 
of  to-day — they  remembered  only  the  abnormalities  of  the  climate  of 
twenty-five  or  fifty  yeafrs  before,  and  in  comparing  the  unusual  con- 
ditions of  long  ago  with  the  average  of  the  present  they  were  de- 
ceived. I  have  known  intelligent  and  truthful  men  publicly  to 
declare  that  they  knew,  from  personal  recollection,  that  the  climate  of 
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their  particular  places  of  residence  had  changed  since  they  were 
boys — that  they  had  reliable  landmarks  to  show  that  the  streams 
were  drying  up,  that  the  precipitation  was  growing  less,  and  that  the 
winters  were  biecoming  milder — notwithstanding  the  fact  thftt  care- 
fully taken  observations  of  temperature  and  rainfall  for  each  day  for 
the  previous  hundred  years  showed  no  alteration  of  climate  at  such 
places.  Of  course,  wide  variations,  sometimes  extending  over  periods 
of  several  years,  had  occurred ;  but  a  deficit  at  one  time  was  made 
up  by  an  excess  at  another.  To  be  sure,  changes  must  hare  taken 
place  during  geologic  periods ;  but  these  have  been  so  slow  that  it  is 
doubtful  whether  man  in  his  civilized  state  has  occupied  the  earth 
long  enough  to  discover  an  appreciable  quantity.  Quite  accurate 
records  of  the  opening  of  navigation  in  the  rivers  of  Europe  and  of 
the  time  of  vintages  for  five  hundred  years  show  no  change  in  the 
average  data  of  the  first  ten  years  as  compared  with  the  avera^^  of 
the  last  ten ;  and  the  date  palm,  the  vine,  and  the  fig  tree  flourish 
as  luxuriantly  to-day  in  Palestine  as  they  did  in  the  days  of  Moses. 
Dried  plants  have  been  taken  from  the  mummy  cas^s  of  the  Pha- 
raohs exactly  similar  to  those  now  growing  in  the  soil  once  trod  by 
those  ancient  monarchs. 

The  matter  of  change  of  climate  is  very  important  to  our  sabarid 
West,  to  the  States  whose  normal  rainfall  is  just  enough  to  produce  a 
profitable  crop.    Some  years  ago,  when  the  tide  of  immigration  was 
strong,  there  were  several  years  of  rather  more  than  average  rainfall 
in  regions  that  theretofore  had  had  little  rainfall  for  profitable  agri- 
culture.   These  two  conditions  were  accidentally  coincident ;  but  the 
fact  probably  gave  rise  to  the  theory  that  civilization  brings  an  in- 
crease in  precipitation.    It  was  thought  that  the  breaking  of  the 
virgin  soil,  making  it  more  permeable,  and  thereby  conserving  the 
scant  deposit  of  moisture ;  the  planting  of  trees  and  the  propagation 
of  vegetation,  by  restricting  the  run  off  and  by  drawing  up  the  moist- 
ure from  below  the  surface  of  the  ground  through  roots ;  iJie  enor- 
mous quantities  of  acqueous  vapor  injected  into  the  air  by  the  com- 
bustion incident  to  a  teeming   population — had  all  combined   to 
increase  the  rainfall  and  to  render  the  subarid  plains  more  responsive 
to  the  efforts  of  the  husbandman.    No  one  with  even  a  spark  of  that 
fellow  feeling  which  "  makes  us  wondrous  kind  "  can  fail  to  regret 
that  this  theory  is  not  founded  upon  fact.    But  a  moment's  thought 
will  indicate  to  the  physicist  that  the  volume  of  superincumbent  air 
is  so  great,  and  its  capacity  for  moisture  so  enormous,  that  the  addi- 
tional vapor  of  water  evaporated  as  above  described,  great  though  it 
be,  is  ineffectual  to  change  appreciably  the  amount  of  rainfall  which 
nature  beforehand  had  ordained  should  be  precipitated. 

The  size  of  continental  areas,  the  topography  of  the  land  surface, 
the  proximity  of  large  bodies  of  water,  and  the  direction  of  the  pre- 


vailing  winds,  are  all  factors  in  determining  the  precipitation  of  a 
region ;  and  it  is  probable  that  the  feeble  efforts  of  man  will  never  be 
able  materially  to  modify  the  result. 

If  the  Rocky  Mountains  were  eroded  down  to  the  height  of  the 
Appalachian  chain,  the  vapor-laden  winds  from  the  Pacific  would 
blow  inland,  and  probably  cause  copious  rainfall  as  far  east  as  Colo- 
rado, western  Kansas,  and  western  Nebraska.  But  these  are  changes 
which  can  be  accomplished  only  in  long  geologic  periods. 

During  the  first  half  of  the  nineteenth  century — nearly  a  hundred 
years  after  Franklin's  northeast  rain  storm — Redfield,  Espy,  Loomis^ 
Henry,  and  other  American  scientists  laboriously  gathered  by  mail 
the  data  of  storms  after  their  passage,  and  demonstrated  their  prin- 
cipal motions  to  be  much  as  Franklin  had  supposed.  In  1855  Prof. 
Joseph  Henry,  Secretary  of  the  Smithsonian  Institution,  constructed 
a  daily  weather  map  from  observations  collected  by  telegraph  and 
nearly  simultaneous.  He  did  not  publish  his  forecasts,  but  used  his 
large  wall  map  for  the  purpose  of  demonstrating  the  feasibility  of 
organizing  a  Government  weather  service.  If  there  were  no  other 
achievements  to  the  credit  of  the  grand  institution  founded  in  this 
country  through  the.  benevolence  of  the  English  philantt^ropist,  James 
Smithson — who,  by  the  way,  never  gazed  upon  our  fair  land — the 
work  of  the  Smithsonian  Institution  in  connection  with  practical 
meteorology  should  always  accord  it  a  warm  place  in  the  hearts  of 
those  who  believe  that  the  crowning  achievements  of  science  consist 
in  giving  to  the  world  knowledge  which  results  in  the  saving  of  human 
life,  the  amelioration  of  the  sufferings  of  humanity,  and  the  accelera- 
tion of  the  wheels  of  commerce  and  industry. 

Although  American  scientists  were  the  pioneers  in  discovering  the 
progressive  character  of  storms,  and  in  demonstrating  the  practica- 
bility of  weather  services,  the  United  States  was  only  the  fourth  coun- 
try to  give  legal  autonomy  to  a  weather  service.  Holland  established 
a  weather  service,  with  telegraph  reports  and  forecasts,  in  1860 ;  Eng- 
land followed,  with  a  smaller  service,  in  1861 ;  and  France,  in  1863. 
But  none  of  these  countries  has  an  area,  from  which  observations  can 
be  collected,  great  enough  to  give  such  a  synoptic  picture  of  storms 
as  is  necessary  in  the  making  of  useful  forecasts.  It  would  require 
an  international  service,  embracing  all  the  countries  of  Europe,  to 
equal  ours  in  extent  of  the  area  covered  and  in  the  accuracy  of  its 
forecasts. 

The  vast  region  now  included  in  the  scope  of  the  Weather  Bureau 
system  of  observations  embraces  Canada  and  the  Gulf  of  Mexico; 
the  whole  having  an  area  extending  two  thousand  miles  north  and 
south,  three  thousand  miles  east  and  west,  and  so  fortunately  located 
in  the  interest  of  the  meteorologist  as  to  include  an  important  arc  on 
the  circumpolar  thoroughfare  of  storms  of  the  Northern  Hemisphere. 
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Simultaneous  observatiouB,  collected  twice  daily  by  telegraph    from 
about  two  hundred  stations,  distributed  throughout  this  great  area, 
render  it  possible  at  several  central  offices,  where  all  the  reports  are 
received,  to  present  to  the  trained  eye  of  the  forecaster  a  wonderful 
panoramic  picture  of  atmospheric  conditions.    Every  twelve  lioura 
the  kaleidoscope  changes,  and  a  new  graphic  picture  of  actual  changea 
is  shown.    The  movements  of  the  storm  centers  and  cold-wave  areas 
are  noted,  and  estimates  made  as  to  their  probable  course  during  the 
next  twenty-four  hours.    Where  else  can  the  meteorologist  find  such 
an  opportunity  to  study  storms  and  atmospheric  changes? .  The  widely- 
differing  elevation,  topography,  temperature,  humidity,  and  aridity 
of  the  broad  region  under  observation  offer  unequaled  conditions  for 
the  study  of  the  mechanical  phases  of  storm  development  and  pro* 
gression — so  far  as  such  can  be  profitably  studied  with  observatioos 
taken  only  at  the  bottom  of  the  ocean  of  air  surrounding  the  earth. 
Our  storms  and  cold  waves  can  be  studied  during  their  inception  at 
an  average  altitude  of  five  thousand  feet  above  sea  level,  under  condi- 
tions .  of  extreme  aridity ;  they  can  be  observed  later,  as  they  come 
down  almost  to  sea  level  in  the  Mississippi  Valley  and  reach  a  more 
humid  atmosphere  one  thousand  miles  from  the  place  of  their^ birth  ; 
and,  finally,  they  can  be  seen  as  they  reach  the  extremely  humid  air 
of  the  Atlantic  Ocean,  fifteen  hundred  miles  farther  east. 

The  great  winter  storms  which  originate  south  of  the  Japanese 
Islands  and  cross  the  Pacific  Ocean  come  under  our  vision  as  they 
successively  surmount  the  formidable  Rocky  Mountains  with  but 
little  diminution  of  energy,  sweep  across  the  continent  with  increas* 
ing  force  and  heavy  precipitation  and  within  three  days  pass  beyond 
our  meteorological  horizon  at  the  Atlantic  seaboard,  to  be  heard  fronts 
occasionally  three  days  later  as  boreal  ravagers  of  northern  Europe. 

The  great  anticyclones,  or  high-pressure  areas,  which  constitute  the 
American  cold  waves,  drift  into  our  territory  from  the  Canadian 
northwest  provinces  and  are  studied  under  rapidly  changing  condi* 
tions  during  8,000  miles  of  their  course.  The  high-pressure  eddy,, 
with  all  the  convectional  principles  of  the  cyclone  reversed,  may  be 
said  not  to  depend  upon  the  land  of  its  birth  for  the  cold  it  brings ; 
for  a  strong  vortical  and  anticyclonic  motion  at  the  center  is  con- 
tinually bringing  down  the  cold  air  from  above.  In  other  words, 
our  cold  waves  are  not,  as  was  once  supposed,  masses  of  heavy  air 
chilled  by  flowing  over  the  snow  and  ice  fields  of  the  Arctic  Ocean 
and  transported  to  our  central  valleys  with  such  rapidity  of  transla- 
tion as  to  retain  much  of  their  original  frigidity.  • 

In  1870  and  for  some  years  thereafter  our  forecasts  and  storm 
warnings  were  looked  upon  by  the  press  and  the  people  more  as  ex- 
periments than  as  serious  statements.  The  newspapers  especially 
were  prone  to  comment  facetiously  on  the  forecasts,  and  many  were 
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olamorous  for  the  abolition  of  the  service  during  the  first  years  of  itB 
ejcistence.  There  was  some  ground  for  the  critioisms.  We  knew 
nearly  as  much  about  the  mechanics  of  storms  at  that  time  as  we  do 
to-day ;  but  we  had  not — ^by  a  daily  watching  of  the  inception,  the 
development,  and  the  progression  of  storms — trained  a  corps  of 
expert  forecasters  such  as  now  form  a  part  of  the^  staff  of  the  Chief 
of  the  Weather  Bureau,  and  from  which  he  himself  was  graduated. 
After  a  time  mariners  began  to  note  that  danger  signals  were,  in  the 
§^reat  majority  of  cases,  followed  by  heavy  winds,  and  they  reasoned 
that  it  were  better  to  take  precaution  against  forecast  storms  that 
never  came  than  to  be  unprepared  for  those  which  did  come. 

It  is  a  fact  that  many  times,  by  the  operation  of  forces  not  indi- 
cated by  the  surface  readings,  the  barometer  at  the  center  of  a  storm 
begins  to  rise  and  the  velocity  of  the  whirling  mass  to  decrease.    In 
8uch  cases  the  storm  signals  placed  in  advance  of  the  storm  center 
would  fail  to  give  the  proper  information.    Again,  the  storm  center 
may  suddenly  acquire  a  force  not  anticipated,  or  it  may  pursue  a 
track  considerably  divergent  from  the  normal  for  the  location  and 
seaBon.    In  this  case,  also,  the  forecasts  may  warn  some  cities  that 
fail  to  receive  the  effects  of  the  storm.    The  staff  of  the  Weather 
Bureau,  which  includes  many  able  meteorologists,  has  not  failed  to 
make  a  study  of  the  peculiarities  of  the  several  types  of  storms  oc- 
curring in  different  localities  during  the  various  seasons  of  the  year, 
their  line  of  travel,  and  the  force  that  they  may  be  expected  to  at- 
tain.    The  comparative  merits  of  those  who  by  natural  ability  were 
best  fitted  correctly  and  quickly  to  correlate  in  their  minds  the  con- 
ditions shown  on  a  meteorological  chart  and  to  make  accurate  deduc- 
tions  therefrom  as  to  the  development,  movement,  and  force  of 
storms  have  been  tested  by  competitive  examinations.    This  line  of 
study  and  competition  has  resulted  in  improved  forecasts,  so  that 
mariners  now  universally  heed  the  storm  warnings,  horticulturists 
and  truck  gardeners  make  ample  provision  against  frost,  and  ship- 
pers of  perishable  produce  give  full  credence  to  the  cold-wave  pre- 
dictions.   Of  the  many  West  Indian  hurricanes  which  have  swept 
our  Atlantic  seaboard  from  Florida  to  Maine  during  recent  years  not 
one  has  reached  a  single  seaport  without  danger  warnings  having 
been  sent  well  in  advance  of  the  storm,  and  no  unnecessary  warning 
has  been  issued.    The  result  is  that  no  disaster  of  consequence  has 
occurred.    Large  owners  of  marine  property  estimate  that  one  of 
these  severe  storms  traversing  our  Atlantic  coast  in  the  absence  of 
danger  signals  would  leave  not  less  than  $3,000»000  worth  of  wreck- 
age.   On  two  occasions  a  census  was  taken  immediately  after  the 
passage  of  severe  hurricanes  to  determine  the  value  of  property  held 
in  port  by  the  danger  warnings  sent  out  in  advance  of  the  storms. 
In  one  case,  the  figure  was  placed  at  $34,000,000;  in  the  other,  at 
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$38,000,000.  Of  course  this  does  not  represent  the  value  of  property 
saved.  It  simply  shows  the  value  of  property  placed  in  positions  of 
safety  as  a  result  of  the  danger  signals  and  warning  messages  sent  to 
masters.  On  January  1, 1898,  an  extensive  cold  wave  swept  from  the 
Rocky  Mountains  eastward  to  the  seaboard.  Estimates  secured  from 
shippers  in  one  hundred  principal  cities  indicated  that  property 
valued  at  $3,400,000  was  saved  as  a  direct  result  of  the  predictions 
sent  out. 

There  is  hardly  a  daily  paper  that  does  not  publish  weather  fore- 
casts in  a  prominent  place,  and  there  is  scarcely  a  reader  who  fails 
to  note  the  predictions.  The  utility  of  these  forecasts  to  the  api- 
culture, the  commerce,  and  the  industry  of  the  country  is  so  great 
that  it  may  be  interesting  to  note  more  in  detail  the  methods  by 
which  observations  are  collected,  forecasts  made,  and  meteorologic 
information  disseminated. 

Our  Weather  Bureau  maintains  about  two  hundred  regular  mete- 
orological stations,  each  in  charge  of  a  trained  observer,  advantage- 
ouly  located  geographically  for  the  taking  of  observations.   The  trans- 
mission of  reports  is  accomplished  with  remarkable  rapidity  by  means 
of  an  effective  arrangement  of  telegraphic  circuits.    Observations 
from  all  parts  of  the  United  States  and  Canada,  from  the  Atlantic  to 
the  Pacific,  are  collected  at  Washington  within  thirty  minutes  after 
the  observers  have  read  the  station  instruments  and  filed  their  obser- 
vations.    Synoptic  charts  are  prepared  in  the  central  offices  at  Wash- 
ington and  Toronto,  and  at  many  of  the  large  stations  at  which 
reports  are  received ;  and  by  9  o'clock  (seventy-fifth  meridian  time) 
the  charts  are  complete.    The  chart  of  greatest  value  to  the  forecaster 
contains  for  each  station  the  temperature,  barometric  pressure,  wind 
direction  and  velocity,  weather  conditions — whether  raining,  snow- 
ing, cloudy,  partly  cloudy,  or  clear — and  the  amount  of  precipitation, 
if  any.    Lines,  called  '^  isobars,"  are  drawn  for  each  one-tenth  of  an 
inch  of  barometric  pressure,  bounding  the  areas  over  which  the  air 
is  respectively  lightest  and  heaviest.    These  areas  are  called  *'  highs  " 
and  '^  lows " ;  but  they  are  only  relative  terms,  as  on  one  map  the 
highest  pressure  may  be  over  two  inches  in  excess  of  the  lowest,  while 
on  the  map  of  another  day  the  difference  may  be  less  than  one  inch. 

Several  other  charts  are  prepared  in  the  forecast  room  of  the  Cen- 
tral Office  at  Washington,  as  follows :  Temperature-change  map,  show- 
ing the  maximum  and  minimum  temperature  at  each  station,  with 
changes  from  the  day  before  and  changes  from  the  normal ;  barome- 
ter-change map,  showing  twelve  and  twenty-four  hour  changes  and 
changes  from  the  normal;  cloud  map,  indicating  the  character, 
nomenclature,  quantity,  and  movement  of  clouds ;  and  a  map  show- 
ing wet-bulb  and  dry-bulb  temperatures,  with  differences  between 
the  two. 
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If    the  Btudent  of  the  weather  maps  will  pay  olose  attention  to 
them  each  day,  he  will  find  that  the  highs  and  lows  move  across  the 
country  in  almost  regular  succession.    If  the  high  be  a  decided  one, 
it  will   cover  a  territory  one  or  two  thousand  miles  in  width,  the 
weather  within  its  influence  will  be  cold  and  clear,  and  the  winds 
will  have  a  general  tendency  spirally  outward  from  the  center  in  a 
direction  corresponding  to  the  movement  of  the  hands  of  a  watch* 
The  low  is  the  opposite  of  the  high  in  almost  all  its  characteristics. 
It  is  usually  attended  by  clouds,  rain  or  snow,  and  high  winds.    The 
winds  within  the  influence  of  the  low  blow  spirally  inward  in  a  direc- 
tion contrary  to  those  under  the  influence  of  the  high.    The  lower 
the  barometer  and  the  steeper  the  gradieht,  the  more  rapid  is  the 
whirl.    These  are  some  of  the  characteristics  of  lows.    Those  of  like 
class  take  nearly  the  same  course,  and  produce  about  the  same  results ; 
bat  they  do  not  always  move  with  the  same  rapidity.    No  exact  rule 
in  regard  to  them  can  be  laid  down.    Empirical  reasoning,  and  inti- 
mate association  with  the  charts,  day  after  day  and  year  after  year, 
in  the  main  equip  the  successful  forecaster  for  his  important  func- 
tions. 

Just  as  the  eddies  in  a  river  go  whirling  down  stream,  so  are  cold- 
wave  eddies  (highs)  and  rain-storm  eddies  (lows)  carried  eastward 
by  the  general  movement  of  the  upper  atmosphere  in  the  latitudes  of 
the  United  States.    It  is  important  that  the  fundamental  principles 
of  t»hese  eddies  be  understood,  since  the  weather  changes  experienced 
from  day  to  day  depend  almost  wholly  upon  the  development  and 
drift  of  these  high-pressure  and  low-pressure  eddies,  or,  as  they  are 
better  known,  highs  and  lows.    The  two  eddies  are  easily  distinguish- 
able the  one  from  the  other ;  for,  while  traveling  eastward  in  the 
same  general  direction,  they  rotate  in  opposite  directions.    The  high- 
pressure  eddy  always  follows  in  the  track  of  the  low-pressure  eddy. 
In  the  high-pressure  eddy — in  which  the  air  is  cold  and  clear,  and  in 
which  the  degree  of  cold  is  nearly  proportional  to  the  rise  of  the 
barometer — the  air  is  drawn  downward  near  the  center  of  the  eddy, 
and  forced  outward  in  all  directions  from  the  center  along  the  sur- 
face of  the  earth.    This  eddy  at  times  is  two  thousfknd  miles  in  diam- 
eter.   In  the  low-pressure  eddy — ^in  which  the  air  is  warm,  humid, 
and  often  rainy  or  snowy — the  surface  air  is  drawn  inward  from  all 
directions  toward  the  center.    Thus,  the  alternate  passage  of  highs 
and  lows  controls  our  weather  conditions. 

About  six-sevenths  of  our  Idw-pressure  eddies  move  from  the  Rocky 
Mountains  eastward.  They  vary  from  the  gentle  whirls  to  storms  of 
considerable  intensity.  Their  average  diameter  is  about  one  thousand 
miles.  The  West  Indian  hurricane,  which  comes  up  from  the  Tropics 
and  skirts  along  our  Atlantic  shore-line,  has  a  diameter  of  rotation 
less  than  one-half  that  of  the  usual  low-pressure  eddy ;  but  its  velocity 
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of  rotation  is  much  greater.  Many  of  these  hurricanes  have  a  diam- 
eter of  only  three  or  four  hundred  miles ;  but  their  velocity  of  rota- 
tion is  very  often  one  hundred  miles  per  hour,  although  their  rate  of 
translation,  as  they  move  northeast  along  our  coast,  is  seldom  greater 
than  thirty  miles  per  hour. 

Twenty-five  years  ago  mariners  on  our  Great  Lakes  and  seaboard 
depended  on  their  own  weather  lore  to  warn  them  of  coming  atomis. 
Then,  although  the  number  of  craft  plying  on  our  waters  was  mnch  less 
than  now,  every  severe  storm  that  swept  the  Lakes  or  Atlantic  coast 
left  destruction  and  death  in  its  wake,  and  for  days  afterward  the 
dead  were  cast  up  by  the  receding  waves,  and  the  shores  were  lined 
with  wreckage.  Happily  this  need  not  now  be  the  case,  for  the 
Weather  Bureau  of  the  Department  of  Agriculture  is  ever  watching 
the  changes  of  atmospheric  conditions  and  giving  the  mariner  warn- 
ing of  coming  storms.  Each  observer  telegraphs  instantly  to  the 
Central  Office  whenever  the  instruments  at  his  station  show  unusual 
agitation.  By  this  means  the  inception  of  many  storms  is  detected 
when  the  regular  morning  and  evening  reports  fail  to  give  notice  of 
their  origin. 

Some  idea  of  the  vast  interests  floating  in  Atlantic  ports  may 
be  had  when  it  is  stated  that  6,628  transatlantic  steamers,  with  an 
aggregate  of  10,076,148  tons,  and  6,842  sailing  craft,  aggregating 
2,106,688  tons,  enter  and  leave  ports  on  the  Atlantic  seaboard  during 
a  single  year.  The  value  of  their  cargoes  is  more  than  a  billion  and 
a  half  of  dollars.  Our  coastwise  traffic  also  is  enormous.  In  one 
year  more  than  17,000  sailing  vessels  and  4,000  steamers  enter  and 
leave  ports  between  Maine  and  Florida.  Their  cargoes  are  estimated 
to  be  worth  $7,000,000.  From  these  facts  one  can  roughly  measure 
the  value  of  the  marine  property  which  the  Department  of  Agricul- 
ture, through  the  work  of  the  Weather  Bureau,  aims  to  protect  by 
giving  warning  of  approaching  storms. 

It  is  the  dream  of  the  meteorologist  that  some  day  he  will  be  able 
accurately  to  forecast  the  weather  weeks  and  months  in  advance. 
But  so  far  this  much-to-be-desired  object  can  be  realized  only  in  a 
dream.  What  a  wonderful  conservation  of  human  energy  would  re- 
sult were  it  possible  to  tell  the  farmer  when  the  great  com  and  wheat 
belts  would  have  abundant  rain  during  the  next  growing  season,  or 
when  droughts  would  parch  the  vegetation,  or  truthfully  to  inform 
the  planter  of  the  South  that  the  approaching  season  would  be  favor- 
able or  unfavorable  to  the  production  of  cotton !  Effort  would  be 
withheld  in  one  part  of  the  country  and  prodigious  energy  exerted  in 
another. 

When  our  extensive  system  of  daily  observation  has  been  con- 
tinued for  another  generation  a  Kepler  or  a  Newton  may  discover 
such   fundamental  principles  underlying  weather  changes  as  will 
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make  it  possible  to  foretell  the  character  of  coming  seasons.  If  this 
discovery  be  ever  made  it  will  doubtless  be  accomplished  as  the 
result  of  a  comprehensive  study  of  meteorological  data  of  long 
periods  covering  some  great  area  like  the  United  States.  At  any 
rate  we  are  certainly  now  laying  the  foundation  of  a  great  system 
v^hioh  will  adorn  the  civilization  of  future  centuries. 

At  the  present  time  I  know  of  no  scientific  man  who  essays  to 
make  long-range  weather  predictions,  and  I  would  especially  caution 
the  public  against  the  imposture  of  charlatans  and  astrologists,  who 
simply  prey  upon  the  credulity  of  the  people.    As  storms  of  more  or 
less  intensity  pass  over  large  portions  of  our  country  every  few  days 
during  the  greater  part  of  the  year,  and  as  it  is  seldom  that  the 
weather  report  does  not  show  one  or  more  storms  as  operating  some- 
where within  our  broad  domain,  it  is  easy  to  forecast  thunderstorms 
about  a  certain  time  in  July  or  a  cold  wave  and  snow  about  a  certain 
period  in  January  and  stand  a  fair  chance  to  become  accidentally 
famous  as  a  prophet.    You  may  select  any  three  equidistant  dates  in 
January  and  forecast  high  wind,  snow,  and  cold  for  New  York  city 
and  stand  a  fair  chance  of  having  the  fraudulent  forecast  verified  in 
two  out  of  the  three  cases ;  provided  that  you  claim  a  storm  coming 
the  day  before  or  after  one  of  your  dates  to  be  the  storm  which  you 
expected. 

I  believe  it  is  impossible  for  any  one  to-day  to  make  a  forecast, 
based  fairly  upon  any  principles  of  physics  or  upon  any  empiric  rule 
in  meteorology,  for  a  greater  period  than  one  or  two  days  in  winter  or 
for  more  than  two  or  three  days  in  summer ;  and  there  are  times  in 
winter  when  the  movements  of  air  conditions  are  so  rapid  that  it  is 
extremely  difficult  to  forecast  even  for  the  space  of  one  day.  The 
Weather  Bureau  takes  the  public  into  its  confidence  in  this  matter 
and  does  not  claim  to  be  able  to  do  more  than  it  is  possible  to  ac- 
complish. 

Having  reached  the  highest  degree  of  accuracy  possible  with  our 
present  instrumental  readings,  it  becomes  necessary  to  invade  new 
realms  if  we  desire  to  improve  the  character  of  the  forecast  and  to 
make  it  of  greater  utility.  I  have  long  realized  this,  and  several 
years  ago  determined  systematically  to  attack  the  problem  of  upper- 
air  exploration  with  the  hope  of  being  able  ultimately  to  construct  a 
daily  synoptic  chart  from  simultaneous  readings  taken  in  free  air  at 
an  altitude  of  not  less  than  1  mile  above  the  surface  of  the  earth. 
During  the  past  ten  years  there  has  been  much  discussion  as  to  the 
best  means  of  improving  weather  forecasts  by  readings  secured  at 
high  levels.  Many  stations  have  been  established  on  mountain 
peaks;  but,  unfortunately,  the  observations  from  these  places  have 
beoD  of  little  use  to  us  in  making  the  daily  forecast. 
It  is  my  opinion  that  plans  previously  advocated  by  many  for  iso- 
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lated  investigations  in  the  upper  air  by  means  of  free  aod  nncontrol- 
lable  balloons,  by  observers  in  balloons,  or  by  independent  l^ite  statioDs 
striving  for  very  great  flights,  were  of  little  value  in  getting;  the  infor- 
mation absolutely  necessary  to  the  more  accurate  determination  of 
the  mechanics  of  storms.  It  is  my  belief  that  the  only  feasible  plan 
is  that  of  simultaneous  observations  at  such  uniformly  hig^h  level  as 
can  be  attained  with  kites  at  many  stations.  With  only  a  moderate 
surface  wind  our  improved  kites  will  now  ascend  easily  to  the  height 
of  one  mile  or  over,  and  will  carry  up  an  automatic  instminenc, 
mainly  of  aluminum,  weighing  about  two  pounds,  which  records  tem- 
perature, pressure,  humidity,  and  wind  velocity. 

The  Weather  Bureau  intends  to  establish  tentatively  fifteen  or 
twenty  stations  between  the  Alleghanies  and  the  Rocky  Mountains 
during  the  present  spring,  and  to  make  special  effort  to  secure  obser- 
vations at  the  same  hour  at  a  high  level  from  all  the  stations,  so  that 
the  meteorological  conditions  at  that  altitude  may  be  compared  with 
those  prevailing  at  the  surface  of  the  earth.    If  we  are  successfiil  in 
attaining  the  desired  altitude  at  enough  of  our  stations  each  day  to 
give  the  data  from  which  a  synoptic  chart  can  be  constructed,  we 
shall  then  be  able  to  map  out  not  only  the  vertical  gradients  of  tem- 
perature, humidity,  pressure,  and  wind  velocity,  but  also  the  hori- 
zontal distribution  of  these  forces  at  two  levels — one  at  the  earth's 
surface  and  the  other  at  the  height  of  one  mile.    It  may  be  that  after 
this  work  is  done  only  negative  knowledge  will  be  acquired ;  but, 
even  then,  the  work  will  not  have  been  in  vain.    It  will  bean  instruc- 
tive study  to  note  the  development  and  progression  of  storms  and 
cold  waves  at  this  high  level.    At  that  altitude  the  diurnal  variations 
cease ;  there  is  but  little  change  between  the  heat  of  midday  and  that 
of  midnight ;  so  that  storm  conditions  may  be  measured  without  the 
confusing  effects  due  to  immediate  terrestrial  radiation. 

The  temperature  readings  already  secured  by  our  use  of  kites  show 
that  in  the  summer  season  we  live  in  an  extremely  thin  stratum  of 
warm  air ;  that  on  the  hottest  day  an  ascent  of  only  600  to  1,000  feet 
in  free  air  would  place  a  person  in  a  comfortably  cool  atmosphere; 
that  the  temperature  at  an  altitude  of  3,000  feet  is  slightly  higher  at 
midnight  than  at  midday ;  and  that  changes  of  wind  and  of  tempera- 
ture begin  at  high  levels  soooer  than  on  the  surface  of  the  earth. 

It  is  a  problem  for  the  engineer  of  the  twentie.th  century  how  to 
utilize  this  information  so  as  to  give  relief  during  the  protracted  hot 
spells  of  summer  to  the  dense  population  of  great  cities,  and  so  that 
one  need  not  travel  to  the  seashore  in  order  to  reach  a  temperature 
that  is  conducive  to  health  and  comfort. 


